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Introduction

This guide has been devel oped to acquaint builders with the Maine Model Building Energy Code
and to present to them techniquesthat they can useto achieve therequired efficiency levels. It goes
beyond simply presenting Code’ srequirements. It isdesigned to serve asaconstruction referencefor
builders by addressing awide range of issues, materials and techniquesrelevant to the construction of
energy-efficient buildings. Because of itslocation, Mainehasvaried climatic conditions—damp coasts,
dry mountains, high winds, seasonal temperature variations of up to 130°F and daily temperature
variations of as much as 50°F—which present a challenging environment for the building of durable,
energy-efficient houses.

Although written for builders, thisguide is not intended to be ahow-to manual of construction
practicesfor thefirst-timebuilder. It isintended to complement existing skillsand knowledgeandis
written with the presumption that the user isfully familiar with conventional construction practices,
building materials, and job-site safety. For those who are not skilled builders, it is highly recom-
mended that this guide be used as acompanion to other more comprehensive construction publications.
Termsthat may not be familiar to builders or homeownersare printed in boldface when they first
appear and/or when they are defined in the text. They are also defined in the Glossary.

Thedetailsand techniquesin thismanual should serve asexamplesonly. Wherever practicable,
morethan oneway is suggested for meeting the efficiency levelsrequired by the Maine Model Build-
ing Energy Code. The construction details and techniques set forth in this guide are not intended to be
the only optionsavailableto abuilder. It isrecommended, instead, that they be used asabasisfor the
development of still better building techniques, and to augment existing practices.

Building design and construction are ongoing processes which evolve to meet changing eco-
nomic, practical and aesthetic requirements. It is hoped that builders, through the use of this guide,
will incorporate into their building practices the latest and best energy-efficient methods.

This Maine Guide to Energy Efficient Residential Construction was developed with the help of
builders, architects and engineers. It represents a consensus of opinion on energy-efficient construc-
tion practices at the time of its writing. Because advances in the field of energy-efficient construc-
tion and the development of new products are continuous, it is to be expected that this guide will
need to be revised periodically. Suggestions on how it could be made more useful or instructive will
bewelcomed by the Maine State Energy Program, Public Utilities Commission, State House Station
18, Augusta, ME 04333-0018, (207) 287-3349.

Thisdocument was funded by agrant from the US Department of Energy. It isavailablein alterna-
tiveformatsupon request (207) 287-3349.

Vil
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Part 1. Summary of Maine’s Residential
Model Building Energy Code

Thelaw creating the Maine Model Building component performance approach using afree
Energy Code and itsdiscretionary adoption by softwaretool called REScheck™. Please see
Maine towns became effective July 27, 2005. Appendix Ffor details of thisalternate means

The prescriptive method of complianceis of compliance.
summarized in Figure 1 and Table 1. These Therequired efficiency levelswere
prescriptive standardsare designed to besimple developed to be cost-effectivefor Maine's
and easy to follow. climate and to achieve energy uselevelsin

The Code also allows compliance by a accordancewith national standards.

Ceilings must

be insulated

to R-49
Windows
must be

Walls must U-0.35

be insulated

to R-21 o

N e
GEenie i
m iésg-e ﬁ W%E :‘il W*&'\c &%& ?g_& Etg
T e mm
%’X?ﬁ . == = . A L
Wan : : N
> - N
St poe P N : i
/Eﬁ B N N
Floors over Foundation walls above and below Slab-on-grade floors
unheated spaces grade which enclose conditioned space must be R-10
be insulated to R-21 must be insulated to R-10

Figure 1. Maine’s Model Building Energy Code is simple, easy to follow, and makes good economic sense.
An energy-efficient building means lower heating bills. It means higher resale value, too. The extra costs
involved in meeting the Code are small and usually pay back very quickly through energy savings. Energy-
efficient construction makes sense for the builder, the homeowner and the State of Maine. For your specific
efficiency requirements, please refer to Table 1 on the next page.
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TABLE 1
Efficiency Levels Required by Maine’s Model Code’

All locations except Aroostook County

Glazing | Ceiling Wall Floor | Basement | Slabon | Crawl Furnace
U-factor | R-value | R-value | R-value Wall Grade Space or Boiler
(windows R-value to | R-value Wall Efficiency,
or doors) Footing and R-value AFUE’
(depth)’
ailage 35 38 19 21 10 10 (4°) 20 80
Pa;l;age 40 38 21 21 10 10 @) | 20 82
Pa;‘;age 40 49 21 21 10 10 @) | 20 80

Aroostook County

Glazing | Ceiling Wall Floor | Basement | Slabon | Crawl Furnace
U-factor | R-value | R-value | R-value Wall Grade Space or Boiler
(windows R-value to | R-value Wall Efficiency,
or doors) Footing and R-value AFUE’
(depth)*
41 g .35 38 19 21 10 10 (4" 20 85
Pa;‘;age 40 38 21 21 10 10 @) | 20 86
Pa;‘;age 32 49 21 21 10 10 @) | 20 83

" The specified R-value refers to the rated R-value of the insulation only, not taking into
account reductions in the system R-value due to framing members, and not including the
added system R-value for other building components (sheathing, siding, drywall, etc.) and
air films.

? Slab on grade insulation “feet” designation includes the sum of rigid insulation installed
downward and then under the slab, or downward and then away from the slab or
foundation wall. Make sure to protect insulation from possible frost action.

* For AFUE (Annual Fuel Utilization Efficiency) values of certified furnaces and boilers,
refer to Consumers’ Directory of Certified Efficiency Ratings for Heating and Water
Heating Equipment, available at www.gamanet.org.

Component Performance Compliance Alternative - an alternative method of
complying is available with the use REScheck™ software, available free at
www.energycodes.gov/rescheck. See Appendix F for details.




1. Adoption of the Maine Model

Building Energy Code

Nothing inthe Maine Model Building
Energy Code law requires atown to adopt the
Code. However, if atown without an energy
code decidesto adopt one, then it must adopt the
Maine Model Building Energy Code.

A town that had an energy code in effect
before the effective date of the Maine Model
Building Energy Code may continue to use that
codefor aslong asit wishes. If such atown
replacesitsenergy code, it must adopt the Code.

Because of thistown-by-town adoption of
the Code, itisrecommended that builders,
designers, owner builders, and othersin the
construction industry check withtown officialsto
determinethelocal energy coderequirements.

Evenif atown has not adopted the Maine
Model Building Energy Code, it isrecommended
that all residential buildingsaredesigned and
built to comply with the Code. It just makes good
sense to do so.

2. Buildings that Must Comply

When atown adopts the Model Building
Energy Code, thefollowing guidelines apply.

Residential buildingsthat encloseconditioned
space must comply with the Code. The standards
applicablefor compliancearethelnternational
Residential Code (IRC-2003), chapter 11, the
International Energy Conservation Code (IEEC-
2003), chapters 4, 5, and 6; and Ventilation and
Acceptable Indoor Air Quality in Low-Rise
Residential Buildings (ASHRAE 62.2-2003).
Residential buildingsinclude detached one- and
two-family dwellingsand multifamily dwellings
that are not more than three storiesin height.

Thetypesof residential dwellingsthat must
comply are new buildings; additions; and some
alterations, renovations, and repairs. Refer tothe
Mainelaw, Chapter 920, for more information.

If you areabuilder or designer, you should
encourage your clientsto follow Code even
though it may not berequired in thetownin
whichyou are building. If you are an owner-
builder, you should follow the Code. Buildings
constructed according to the Code will save

thousands of dollarsin energy costsover their
livesand better construction practiceswill
increasethebuilding’ sresalevalue.

3. Methods of Compliance

Compliancewiththe MaineModel Building
Energy Code may be achieved by one of several
easy methods.

First, you may build according to theefficiency
levelsin Table 1. Select the appropriate climate
zonein Maine, select one of three packagesthat
meet your needs, and satisfy therequirementsfor
each building component. Thisprescriptive
approach to compliancerequiresno cal culationsor
computer software.

Second, you may follow the energy
requirementsintheappropriatetableof the
International Energy Conservation Code (IECC),
2003 edition. Of course, to do so you will haveto
obtain the |[ECC-2003 document. See Appendix E
fororderinginformation.

Findly, you may obtain acopy of REScheck™
softwareand useit to ensure compliance with the
Maine Modd Building Energy Code. Thissoftware
isavailablefree at www.energycodes.gov/
rescheck. See Appendix F for details.

4. Exempted Buildings

Theare someresidential building typesthat
are not required to comply with the Maine Model
Building Energy Code.

First, unheated camps or cabinsintended for
summer use only are not required to comply.

Second, the Code does not apply to the
construction of log homes.

Finally, the Code does not apply to single-
family, owner-built homes. Thelaw makesit
clear that thisexemption only includesahome
actually constructed by the owner who will use
the building asaresidence. A person who merely
supervisesthe construction or contractswith
another to supervise construction, isnot consid-
ered an owner builder.
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Figure 2. County map of Maine. The Maine Model Building Energy Code divides the state into two zones. One
zone is Aroostook county and the other zone includes all other counties.
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5. The Maine Model Building
Energy Code and the
International Energy
Conservation Code

The Maine Model Building Energy Code for
residential buildingsisbased onthe 2003 Interna-
tional Energy Conservation Code (IECC) for
residential buildings. In other words, if aresiden-
tial building complieswith the 2003 IECC, it
complieswiththe Maine Model Building Energy
Code. Virtually al state energy codes are based
on aparticular version of the [ECC.

Although the Maine Energy Codeis based
on the 2003 IECC, there are afew unique
featuresof theMaineversion. First, Maine
lawmakersadopted Ventilation and Acceptable
Indoor Air Quality in Low-Rise Residential
Buildings (ASHRAE 62.2-2003) along with the
2003 |EEC. Thisindoor air quality and ventila-
tion standard was published by the American
Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE).

Second, although the 2003 IEEC divides
Maineinto three climate zones, Mainelawmakers
adopted the simpler 2004-1EEC two-climate zone
designation for Maine. Aroostook county isone
of thesetwo climate zones and all the other
Maine counties make up the other zone. Al-
though thismight at first seem confusing, it
actually makescompliancelesscomplex.

Finally, asmentioned in the previous section
of thischapter, threetypesof residential buildings
areexempted in Maine.



Energy-Efficient Site Design

KEY

1. Locate living
paces on soulh
side of structure
whera possible.

2. Locate areas
such as storage
closels and
bathrooms on
north side of
slructure where
possible.

3. Provide air-lock



Part 2. Siting and Initial Design
Considerations

Thereisalot moreto building an energy-
efficient housethaninsulation, air-leakagecontrol,
and an efficient heating system. Planning should
start withacareful evaluation of thebuilding site
and how it will influence your design and the
performance of the structure. Y ou should consider
solar exposurefor passive solar heating, prevailing
weather conditions, landscaping possibilitiesto
providenatural wind protection and summertime
shading, and water drainage.

1. Solar Orientation

Suntempering and passive solar heating can
reduce heating costs while boosting comfort and
making aliving space moreexciting. With either
approach (described below), the house must be
oriented to allow maximum use of south-facing
glass. Idedlly, along wall of the house should
face true south, but variation of up to 30° east or
west will not significantly affect solar heating
performance (seeFigure 3).

To determine the solar orientation of abuild-
ing site, use acompass and be sureto correct for
the magnetic declination for your location. The
declinationisthedifference between truenorth
and where the compass points. In Maine, mag-
netic declination variesfrom 16° to 22° west,
meaning that true north isactually west of mag-
netic north. Likewise, true south iseast of mag-
netic south. Magnetic declination is shown on
any USGS topographic map. The Energy Pro-
gramsDivision of theMaine Public Utilities
Commission publishesaguidefor determining
the solar potential of abuilding site. Call and ask
for the Maine Solar Primer.

To determine whether nearby trees, moun-
tainsor buildingswill block the solar exposure of
anew house, you will need to check sun angles
at varioustimes of the day and year. Asshownin
Figure 4, the summer sun rises much higher in
the sky—hasagreater altitude—than during the
winter. With passive solar design, thesouth-facing
glass should to be exposed to the sun during as

WEST

.-'-\.,_cr- -

Q%.
m]fw w0 i

]} / 1

Figure 3. For proper functioning of a passive solar or suntempered house, it should face no more than 30° east or west
of true south. Note that in Maine, true south varies from magnetic south by 16°-22° west.

EAST
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Figure 4. To determine if south-facing glass will be shaded, you will need to deter-
mine the sun’s path across the sky during the winter.

much of the day as possible during the winter
months when the sunislow in the sky. Simple
toolsand kitsareavailablefor determining the
precise path the sun follows across the sky at
differentlatitudes(seereferences).

2. Prevailing Weather Conditions
and Landscaping Considerations

At somebuilding sites, it makes senseto
determinewhat thelocal weather patternsare,
particularly on coastal and mountainlocations
wherehighwindscan significantly affect comfort
and heating costs. In most of Maine, the prevailing
winter winds are from the north and west, but this
isnot awaysthe case, especially along the coast.
Check with alocal weather station or nearby
airfieldfor information on prevailing windsin
your areg, or visit the site and ask neighbors about
wind conditions.

If thewinter windsare primarily fromone
direction, it makes sense either to locate the house
on aportion of the building sitewhereit will be
protected from those winds, or to plan on planting
awindbreak (seeFigureb5). Conifers(pine,
spruce, fir, hemlock) are best for awindbreak,
because they do not losetheir leavesin thewinter.
L ocal topography can aso be used in protecting
the house from winter winds. By setting the house
into asouth-facing hillside, for example, winds
fromthe north will tend to rise up over it.

To provide solar exposure on the south, most
treesshould beremoved. A few tall deciduous
trees (most species, but not all, losetheir leavesin
thefall) closeto the housewill beall right, espe-
cialy if thelower branchesareremovedto allow
thewinter sunto penetrate. When leafed out in
summer, thesetall treeswill help block the hot
summer sun, reducing the possibility of unwanted
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Figure 5. A windbreak on the north or west can help protect a house from cold winter winds. On the
south side of the house, it is better to remove trees and allow warm winter sunlight to penetrate.

heat gain. On the east and west sides of the
building, it often makes senseto leave some
deciduoustreesto block the summer sun. Thisis
particularly important onthewest, where after-
noon sun can be quite hot and uncomfortablein
thesummer. If treesare not aready present onthe
west, it makes senseto plant some, both to provide
afternoon shading and to protect the house from
cold winter winds (Figure5).

Of course, al landscaping plans should take
into account the potential viewsfrom the house. If
the house overlooks alake on the north, the
importance of the view might outweigh the energy
benefits of planting awindbreak or the energy
penalty of incorporating alarge areaof glass.

3. Suntempering and Passive

Solar Design

Suntempering designstrategiescollect and
usethe sun’ senergy without specialized mechani-
cal meansof distributing or storing it. Ingeneral,
suntempering refersto thesimpleaddition of
south-facing glass (within 30° of true south)

without incorporating materialsto storethe
collected heat. To prevent daytimeoverheating
on sunny winter days, the south glassareain
suntempered housesisusually limitedto 7
percent or less of thefloor area. Suntempered
houses can be designed and constructed by
buildersand architectswho have no specialized
knowledge of solar design.

Passive solar systems, on the other hand,
incorporate more sophi sticated designsto provide
for thermal storageand alarger south-facing glass
area. Using passive solar techniquesgenerally
requiresspecialized knowledge of passivesolar
design.

Thereareanumber of different types of
passive solar heating systems, thetwo most
common being direct gain and solar sunspaces
with thermal storage (Figur e6).

Direct gainissmply moreelaborate
suntempering. High-density material sareincor-
porated into the design to absorb and storethe
solar heat energy transmitted through south-
facing glass. Common heat storagematerials
includemasonry fireplaces, brick walls, tilefloors
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Figure 6. Passive solar heating can save a great deal on heating costs, but such systems require careful
design by someone with passive solar design experience.

and specially designed containersof water. To
effectively absorb solar heat energy, dark surfaces
arerecommended. Wood and drywall can also
provide heat storage, but larger areas of these
materialsarerequired becausethey cannot absorb
and store asmuch heat. To be most effective,
high-density heat storage materialsshould be
exposed to direct sunlight for at |east part of each
day during the heating season.

Properly designing apassive solar heating
systeminvolvescareful calculationsand an
understanding of solar geometry. Faulty design
can result in overheating during the day and cool
indoor conditionsat night. If you have not had
experiencewith passive solar design, it may make
senseto hirethe services of adesigner with such
experience.

A solar sunspaceisan addition to ahouse
with ameans of storing heat and distributing heat
from the sunspace into the house. To prevent the
sunspace from robbing heat from the house at
night, there should be away to sedl it off from the
house, such as closable connecting doors.

When considering solar energy possibilities,
keepinmind the possibleinstallation of solar
collector panelsinthefuture. For example, while
solar water heating panelsmay not beinstalled
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during theinitial construction, you may want to
design the building in away that will allow their
addition at alater date. Thiscould include asouth
facing roof with room for solar panelsand a
properly located utility room with adequate space
to accommodate astoragetank.

4. House Layout

Room layout can have asignificant effect on
energy useinthehome. Many factorsareinvolved
in determining which living spaces should be
located where, but when possible, it makes sense
to locate the spaces used during the daytime
toward the south where natural daylight (and
passive solar heat) can be utilized. Bedrooms
usually don’t need asmuch daytimelight, so
locations on the east, west, or north side of the
house make sense. Many people prefer east-facing
bedrooms becausethey like awakening to the
rising sun. Try to keep storage areas, utility rooms,
closets and other spacesthat don’t need windows
toward the north, so that north-facing windows,
which admit no significant solar heat, can be kept
toaminimum.

Duringtheinitia planning, try to providefor
an air-lock entry for the most often used entrance
to the house. Thiswill cut down on air leakage



while providing aplace to take off boots and hang
coats. Theair-lock entry should havetight-fitting
doors, both to the outside and to theliving space.
The actual space can be within the heated enve-
lope of thehouse or outside of it, but if itisinside
the primary building envelope, it doesnot require
heating. For best performance, theair-lock entry
should beinsulated both onitsexterior walls,
celling, and on itscommon wallswith the house.
Try tolocateentry doorsin sheltered locations—
sheltered either by the houseitself, or by natural
features of the site, such asvegetation.

When any living spaceislocated over a
garage (a practicemany building scientistsdis-
courage because of indoor air pollution con-
cerns), think about the use of this space. If the
garagecellingisproperly insulated (R-21 mini-
mum), sealed with an air barrier and hasavapor
retarder, asit should, the space abovethe garage
will be no less comfortable than other parts of the
house. But if thereis concern about the quality of
insulating or sealing, consider locating lessimpor-
tant space above agarage, such asastorage area
or guest room.

5. Green Design

Green design and building goes beyond
energy-efficient construction by reducingthe
building’ simpact on natural resourcesand the
environment and providing healthy and comfort-
ableliving environments. At theroots of green
designareenvironmental sustainability, building
durability, and protection of health.

Green building standards often consider
landscape design for low water use and microcli-
mate control, siteproximity to publictransporta-
tion, indoor air pollution control, construction
durability, waste management, occupant health
and safety, and educating homeowners about
proper maintenance of the home.

Homeowners benefit from green homesin
many ways, including low energy bills, higher
resale value, lower cost of ownership, and the
knowledgethat their home uses natural resources
in asustainableway.

Designersand buildersbenefit from green
buildingswithincreased profits, improved
customer satisfaction, and theknowledgethat

11

their buildings make aminimum impact onthe
environment. Of course, building green also
indicatesto prospectiveclientsthat abuilderis
concerned about the environment and the welfare
of clients.

Although the scope of the Maine Model
Building Energy Code does not extend beyond
energy efficiency and acceptableindoor air
quality, standardsfor green design and building
arenow availableto the public. Pleaserefer to
thereferences section of this publicationfor
resources.



Ridge venl
Celling Ineulation

with air space above
[ar wenillaibon

Gablg-end wvent fos
unheated anlle

i
RN AN NN AN AR NN AN A

spacens Summer
adn aladed
~_ Ehed recl yenied :E_'::Tn'
Insulate ceiling and :;1':;?:.:'_
wills 51 unheated
nitic
Sa it
1
b Wasonry wall Sniii
and feor sioros olfit
paxaive Ll
salar heat
Imaulaie flocrs over
unhestnd crawl
space
..E..’_.-"_
e LA Ly o) Foundatian 1
o - A = . Imsulatien Lt
A 5
:> UEERE|: ]
fr . b L K
A cma o r 3
3 AR
,}{} & "\\y w N P wrumariisoesrans goee erm
W @ (4] HE
&

12




Part 3. Important Considerations for
the Design Phase

Duringthe past thirty years, interest in energy
efficiency hasdramatically changed theway
houses are built. New materialsand advanced
construction techniqueshavereduced energy
consumption asmuch asfourfold, but these
changeshave greatly increased the complexity of
houses.

Asaconsequence, designersand builders
must have knowledge of many varied topics,
including heat flow, insulationmaterials, moisture
migration, indoor air quality, and awareness of the
latest products and technologies. They must know
how the different components of ahouseinteract,
enhancing comfort and reducing operating costs
onthepositiveside, but potentially causing
moi sture problemsand callbacks onthe negative
side. Withtoday’ stighter, moreenergy-efficient
houses, itisextremely important the designersand
buildersunderstand that houses, along with their
mechanical equipment and occupants, are sys-
tems, with one part interacting with another.
Under standing the rel ationshi ps between cause
and effect withinthissystemiscritical.

This section addresses awide range of impor-
tant topicsrelating to new home construction. A
full understanding of thesetopicswill ensure
proper implementationof theconstructiondetails
presented later inthisguide.

1. Insulation

Heat alwaysflowsfromwarmer areasto
colder areas. During the winter months, all the
heat that is used to keep ahouse warm is eventu-
ally lost through the building envel ope. How
quickly that heat escapes depends on two factors:
thedifferenceintemperature betweentheinside
and outside of the building, and how effectively
the building envelope lowsthe flow of thermal
energy. Installinginsulationistheprimary strategy
used to Sow down the transmission of heat
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throughwalls, ceilingsand floors. Theresistance
to heat flow of insulating material sismeasured
by the R-value. Insulation R-values are based
onvery specifictesting requirementsof the
Federal Trade Commission and must belisted
onall commercialy soldinsulationmaterials.

Therequiredinsulation levelsfor walls,
cellings, floorsand foundationsunder theMaine
Model Building Energy Code are presentedin
Part 1 of thismanual, along with special defini-
tionsthat apply. Specific construction detailsto
satisfy thoserequirementsaredescribedin Part
4, Recommended Construction Practices.

Commoninsulationmaterialsandtheir
propertiesarelistedin Table2. Insulation
materialsmay bedividedintotwo categories:
cavity-fill andrigid board. Included among
cavity-insulationmateria sarefiberglass(battsor
loose-fill), mineral fiber (battsor loose-fill),
cellulose (loose-fill or wet-spray), and several
specializedinstalled-in-placeproducts, suchas
Icynene®. Rigid boardinsulationmaterials
include extruded polystyrene (such as Dow
Styrofoam®), expanded polystyrene
(beadboard), poly-isocyanurate, and polyure-
thane.

For wall, celling and floor applications,
fiberglassbatt insulationisused most often.
Battsare availablein awiderange of thicknesses
and widthsto meet different framing and thermal
requirements. Inflat ceilingsand closed wall
cavities, loose-fill celluloseisvery commonand
usually lessexpensivethanfiberglass. Inwalls,
wet-spray cellulose, thoughrelatively uncom-
mon, isgaining popularity.

When highinsulation levelsarerequired
and/or athinner wall or cathedra ceilingis
desired, rigid boardinsulationistypically used—
oftenin conjunction with batt or loose-fill
insulation. Foil-faced poly-isocyanurateand



TABLE?2
Common Insulation Materials

R-value Resistance fo:
TYPE OF per inch How Water Moisture Direct Max.
INSULATION (range) Where used Installed Abs.  Damage Sun Fire  Temp. Available in:
BATTS, ROLLS
Fiberglass 3.17 wall, floor Fitted between 2 1 1 2 180°F  Batts and rolls
(3.0-3.8) & ceiling studs, joists or Widths - 11" to 48"; Thicknesses 1" -13"
cavities rafters Available unfaced, with kraft paper facing
or aluminized paper facing.
Rock Wool 3.17 Wall, floor & Fitted between 2 1 1 1 >500°  Batts and rolls
(3.0-3.7)  ceiling cavities  studs, joists or Widths - 11" to 24"; Thicknesses - 3" to 8"
rafters
LOOSE, POURED
OR BLOWN
Fiberglass 2.2 Ceiling Poured and 2 1 1 2 180° Bags: 15-30 Ib.
(2.2-4.0)  cavities fluffed, or blown
by machine
Rock wool 3.1 Ceiling Poured and 2 1 2 2 >500°  Bags: 25-35 Ib.
(2.8-3.7)  cavities fluffed or blown
by machine
Cellulose 3.2 Ceiling Blown by 4 4 2 3 180° Bags: 15-30 Ib.
(3.1-3.7)  cavities machine
Perlite 3.0 Hollow con- Poured 3 2 1 2 200° Bags

(2.8-3.7)  crete block

RIGID BOARD

Expanded 4.0 Wall, ceiling, Glued, nailed 4 2 4 4 165° Boards: 2'x8', 4'x8' other sizes
Polystyrene (3.6-4.4)  roof Thicknesses: 1/4" to 10"
(Beadboard) Special facings, T&G edges available
Extruded 5.0 Foundation, Glued, nailed 1 1 4 4 165° Boards: 2'x8', 4'x8'
Polystyrene roof sub-slab, wall, Thicknesses: 3/4"-2"
(Styrofoam®) ceiling, roof Special facings, coatings, T&G edges
(Foamular®) available
Isocyanurate 6.0 Wall, ceiling, Glued, nailed 2 1 4 4 200°  Boards: 4'x8'
(Thermax®) (5.6-7.7)  roof Thicknesses: 1/2"-4"
(Hi-R®)
Rigid Fiberglass 4.4 Wall, ceiling, roof,  Glued, nailed 2 1 1 2 180° Boards: 4'x8'
(3.8-4.8)  foundation wall Thicknesses: 1"-3"
Available with various facings
INSTALLED
IN PLACE
Wet-Spray 3.5 Wall cavities Sprayed in 4 3 2 3 165°  K-13 formulation
Cellulose (3.0-3.7) open cavities Installed by contractor only
Polyurethane 6.2 Wall & ceiling Foamed in 1 1 4 4 165°  Different formulations available
(5.8-6.8) cavities, roofs open cavities Generally Installed by contractor
Cannisters and cans available for small
sealing applications.
Icynene 3.6 Wall & ceiling Sprayed in 1 1 4 3 200°  Installed by certified contractors

open cavities

*1=EXCELLENT 2=GOOD 3=FAIR 4=POOR
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polyurethane providethe highest R-values per
inch—from R-5 to R-6 per inch, although these R-
valuesmay drop somewhat after “aging.”

For bel ow-gradeexterior foundationinsulation
applications, extruded polystyreneor rigidfiber-
glassaregeneraly recommended. Theother rigid
insulation materialswill absorb moistureand lose
effectiveness.

Thereareanumber of foam-in-place cavity-fill
insulation materiasfor useinwall and celling
cavities. Theseareusually more expensivethan
conventional materials, butincertainapplications,
they may be abetter alternative. Two examples of
foam-in-placeinsulationsarepolyurethaneand
lcynene®.

Icynene® isinstalled by spraying liquid com-
ponents onto an open wall, crawl spaceor celling
cavity. Theexpanding foam providesan air
barrier, but isnot avapor retarder. The excess
expanded material iseasily trimmed off before
drywallisinstalled.

Blown-in-Blanket System® (BIBS) isapat-
ented system that usesacombination of insulation
(oftenloosefiberglass) mixed with an adhesive.
Thismixtureisblown into open-stud wallsbehind
netting.

For moreinformationoninsulation materials,
refer to the booklet Insulation Facts, published by
theMaine State Energy Program (207-287-
3349).

2. Air Leakage

Air leakageistheuncontrolled movement of
air into and out of buildings. It both bringscold air
into the house and allowswarm air to escape. Itis
the second magjor heat losstype, thefirst being
surfaceor transmission heat losswhichis
reduced by adding insulation. Air leakagetypi-
cally accountsfor 30 to 50 percent of thetotal heat
loss. By carefully planning during thedesign
phase and paying attention to detailsduring
construction, air leakage can begreatly reduced.
Infact, with proper attentionto air barriers, tight-
fitting windows and doors, and careful sealing at
sillsand around all building envel ope penetrations,
air leakage will often below enough to require
mechanical ventilation. Thisisnot adisadvantage.
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Itisimportant to understand that tight housesthat
usefansto supply fresh outdoor air are more
energy-efficient and havebetter indoor air quality
than looser housesthat do not require thisme-
chanical ventilation.

Potential air leaksin new construction are
showninFigure7. To keep leakage to amini-
mum, follow the guidelineslisted bel ow, most of
whicharekeyedtotheillustration:

1. Buildinavestibule or air-lock entry at the most
often used entry door. This allows the exterior door
to be closed before the door to the house is opened
to reduce air leakage through the open door. This
entry also provides for the very functional space

know as the mudroom.

Minimize the placement of electrical outlets on
exterior walls (within electrical code guidelines),
and carefully seal those receptacles to the air
barrier. Special airtight boxes for receptacles are
available that can be easily sealed to the air barrier.
Install gaskets under the electric outlet and switch
plates located on exterior walls.

Install only high-quality, pre-hung, factory-
weatherstripped windows. L ook for windows that
have rated air leakage levels that comply with
ASTM (American Society of Testing Materials) E-
283, “Standard Test Methods for Rate of Air
Leakage Through Exterior Windows, Curtain
Wallsand Doors.” The air leakage must be tested
under a 25 mph wind speed.

Install only high-quality, pre-hung, factory-
weatherstripped metal, fiberglass or wood entry
doors. Metal and fiberglass doors are much less
likely than wood doors to warp and become
sources of air leakage. Look for doors with integral
weatherstripping and adjustable thresholds.

During window and door installation, carefully
seal around jambs with foam backer rod, caulk, or
expanding foam sealant. Expanding foam sealant
provides the tightest seal. Apply a generous bead
of expanding foam sealant to continuously “weld”
the window jamb to the rough opening. Be careful
not to apply too much foam sealant, especialy if it
is a high-expanding type, asit could make window
operation difficult. The suggested practice is to fill
only one-half to two-thirds of the cavity depth.
During framing, be sure to build a large enough
rough opening to allow proper sealing (*/5"- */," on
all sides). See the discussion of foam sealants
below. Additionally, it is very important to
properly flash all windows and doors.

Do not install recessed lights below unheated attic
spaces or in other spaces that are connected to cold
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Figure 7. Common air leakage locations in the home.

outdoor air. If recessed lights must be installed,
make sure they are Type-1C so that they can be
fully covered by insulation.

For access to an unheated attic, install atight-
fitting, well-insulated attic hatch. If properly
weatherstripped and insulated units are not
available, you may have to add weatherstripping
and insulation yourself. With pull-down stairs,
install an insulated box cover that can be lifted off
when climbing the stairs. Consider adding an attic
access door through an exterior gable-end wall
rather than one through the ceiling.

Install asill sealer between the sill and foundation.
An open-cell foam sill sealer allows both very tight
compression and excellent air blockage at larger

gaps.

Install a continuous air barrier toward the inside
of all exterior walls and insulated ceilings. Edges
and overlaps should be taped or caulked. Be
especially careful with the air barrier installation at
problem construction areas such as drop ceilings
over bathtubs, over kitchen cabinets and at heated
attic knee walls. If the bathtub isto be installed
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10.

11.

12.

along an exterior wall before drywall isinstalled,
be sure that the air barrier is not punctured, and
seal the edges of the tub carefully.

Seal cracks around all pipes, vent stacks, wires and
conduits penetrating the exterior walls and
ceilings. Also seal penetrations in plumbing or
wiring chases that extend between floors. Use
high-quality caulk or foam sealant (see discussion
below). This helps create a continuous air barrier.

During framing, caulk the plates to the subfloor as
wall sections are tilted into place. After the drywall
isinstalled, caulk the joint between the bottom
edge of drywall and the floor on all walls before
installing baseboard.

Install ahouse wrap underneath the exterior
siding. This house wrap will offer good temporary
protection from the weather and help make the
building slightly more airtight. The house wrap
should be as continuous as possible. Tape it to the
sheathing at the top and bottom and at all overlap-
ping joints. Also tapeit to the framing at all
window and door openings. Use a high-quality
contractor’ s tape. If using plywood sheathing, a




13.

14.

15.

16.

17.

18.

house wrap is not as important, but it will help
block air flow at the plywood’s joints and is still
recommended by many experts.

If possible, install only dir ect-vent (sometimes
referred to as sealed combustion) space-heating
and water-heating equipment. These appliances
draw their combustion supply air directly from the
outdoors through a dedicated pipe. Because of this
feature, they pose no risk of backdr afting harmful
combustion gases into the house.

Install a code-approved fireproof seal around any
flues penetrating the walls or floors.

If the ducting for the heating system must pass
through unheated space, fully seal and insulate the
ducts and the duct joints with approved duct
mastic (do not rely on duct tape for sealing ducts;
it breaks down quickly).

Do not use joist or wall cavities for ducts because
they cannot be tightly sealed. Cold air may be
pulled in from unheated spaces through the
framing, or warm air passing through the ducts may
be lost to unheated spaces. Use only hard ducted
distribution.

Fireplaces are generally not recommended in
energy-efficient houses because of their inherent
inefficiency and the heat loss associated with
them. However, if afireplaceisto beinstalled, do
the following:

a Install atight-fitting damper at the top of the
masonry fireplace flue.

b. Instal high-quality, tight-closing glass doors
on the front of the fireplace.

¢. Install combustion air inlet ducts that direct
air to the fireplace’s combustion area. It is best
if these ducts have tight-fitting dampers.

d. With masonry fireplaces that extend through
exterior walls, construct athermal break at the
wall penetration.

e. Seal chimney and flue penetrations through
insulated ceilings and roofs in accordance with
local fire codes. An air spaceis generally
required next to the masonry. This should be
sedled at the top and bottom of the penetration
with 26-gauge (minimum) galvanized steel and
a noncombustible, high-temperature sealant.

If installing a wood stove, seal chimney penetra-
tions through insulated floors, walls and ceilings
(useinsulated flue pipe as required by code for
these penetrations). If possible, select a wood stove
with an outside-air supply connection.

19. Install kitchen and bathroom exhaust fans with
tight-fitting backdraft dampers. In place of
standard bathroom exhaust fans, you can use heat
recovery ventilators (see the section on indoor air
quality below), which are better from an energy
standpoint. These devices should not be used for
ventilating kitchen ranges. Timers can be used on
the fans to control their operation time. Carefully
seal duct penetrations through insulated walls and
ceilings with caulk and/or foam sealant.

20. Provide tight-fitting insulating covers for through-
the-wall air conditioners and air conditioning
sleeves.

Theair leakageratesfor houses are measured
inair changesper hour (ACH). To accurately
estimateair |leakagerates, the house must betested
with ablower door.

A blower door test involves setting up a
specialized fanin an exterior door opening of the
house, closing al other exterior doorsand win-
dows, and then using the fan to depressurize the
house. Therate of air flow through the blower
door required to maintain aspecific negative
pressurein the houseis expressed asaCFM,
value (Cubic Feet per Minute at 50 Pascal s of
pressuredifference between theinsideand outside
of the house) or isconverted to air changes per
hour. Generally, atrained technicianishiredto
perform the blower door test and interpret the
results.

By following the construction practices
recommendedinthisguide, theair leakagerate
should be no more than about 0.4 ACH. With
very careful attention to themeasuresdescribed
above, the air leakage rate can be kept aslow as
0.1 ACH.

All new homes need whole building ventila-
tion installed according the ASHRAE Standard
62.2-2003, Ventilation and Acceptable Indoor
Air Quality in Low-Rise Residential Buildings.
Thisisaddressed in the Indoor Air Quality
section, pages 19-24.

An advantage of blower door testing isthat the
technique can beused tofind air leaks. With the
blower door operating, you or ablower door
specialist canlook for leaks. Walk around each
room holding your hand up to detect air currents.
Becausethe houseisunder fairly high negative
pressure, any leakswill be very noticeable.



Materials Used for Reducing Air Leakage
Building atight housethat will remain tight
necessitatesusing high-quality material sthat are
installed properly. Select caulks, gasketing materi-
as, ar barriers, vapor barriersand other materials
that arerated for along life—twenty tofifty years.
To function properly, acaulk must be ableto
expand and contract with the seasonal movement
of thematerials (wood, for example, expandsin
the summer monthsand shrinksin thewinter).
Someproductsmaintain much greater flexibility

over timethan others. High-quality silicone,
siliconized|atex, and polyurethane caulks, for
example, will maintainexcellent flexibility for
morethan twenty years, while oil-based caulks
will dry out and lose all flexibility after just afew
years.

Thepropertiesof common caulking materials
areshown in Table 3. When you are comparing
caulksat abuilding supply center, it may be
difficult to distinguish onetype of caulk from
another by their [abels. If you cannot determine

Generic Product Cost Useful Life

Joint Movement

TABLE3
Common Caulking Materials

Comments

Oil-based Low 3-5 years

Butyl Rubber Lowto 8-12yrs.

Medium

Acrylic Latex Lowto 3-10yrs.

Medium
Siliconized Medium 10-20 yrs.

Acrylic Latex 10%

Silicone High 20-50 yrs.

Polyurethane High 20-30 yrs.

Ethylene
Copolymer

Medium > 20yrs.

Very poor - 1%

Fair - 5-10%

Poor - 2%

Fair - up to

Highest - 50%

Good - 25%

Good - 25%

Poor adhesion to wet surfaces.
Considerable shrinkage. Generally not
recommended. Should be painted.

Good adhesion to masonry and metal; poor
to wet surfaces. May be stringy during
application. Long curing time before
paintable.

Use only for interior applications on joints
between similar materials. Easy to use;
cleans up with water; paintable.

Silicone greatly improves product over
standard acrylic latex. Easy cleanup and
painting; minimal shrinkage. Considerable
variation between brands relative to percent
silicone.

Excellent flexibility. Good adhesion to most
materials. Effective over very wide temperature
range. Easy application. Most are not
paintable. May not bond well to all woods.

Excellent adhesion to most surfaces. Very
good performance. Paintable. Cleanup may
be difficult. Used by professionals for
years, only recently has it become widely
available,

Good adhesion to most materials; good
flexibility; paintable. Good general-purpose
caulk.




what type of caulk it is, read thelabel and |ook for
the propertiesyou want, such asalong lifetime, a
guaranteeof quality, paintability, and ability to
bond to the appropriate substrates. Priceisoftena
good indicator of quality—thebetter, longer-
lasting caulkscost more.

When you apply caulk, remember that proper
bonding of any caulk depends on the surfaceto
whichitisbeing applied. Surfaces should be
structurally sound and free of dust, grease, mold,
mildew and moisture.

Expanding foam sealantshavesimplified the
sealing around window and door frames, at wiring
penetrations, and at other large gaps. These
sealantsareavailablein cansor large canisters.
Somemanufacturerssupply specialized applica-
tion gunsfor use with the larger cans. Both low-
expanding and high-expanding foam sealantsare
available. Ingenerd, thelow-expanding typesare
preferablefor all but thelargest holes. Using low-
expanding foam sealant around windows and
doorsisespecially important, becausethehigh-
expanding sealants can push and warp the jambs,
making windows and doorsdifficult to operate.

L ow-expanding foam sealantsare easier to
usethan high-expanding types. Examinethe
literatureon thefoam sealant carefully. If they are
unavailableasastock item at building supply
stores, low-expanding foams can generaly be
ordered by the store or purchased directly fromthe
manufacturer.

In addition to caulks and foam seal ants, foam
gasketsand backer rod can also be used to
reduceair leakage. High-quality closed-cell or
polymer-saturated open-cell foam gasketsshould
be used under sill plates. Foam backer rods (round
in cross-section) can be used for sealing deep or
wide cracks, or for providing abacking for caulk
in deep cracks. Open-cell foam gaskets can be
used for sealing between exterior wall sections,
platesand the subfloor.

Air barriersareasoimportant defenses
against air leakage. Thisbarrier should beinstalled
ontheinterior (warm) side of wall and ceiling
insulation, if possible. Theair barrier blocksair
flow intowall and ceiling cavities, where lower
temperatures could cause condensation of the
water vapor carried by air. To be effective, all air
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barrier jointsand tears should be sealed with tape
or non-hardening caulk.

A vapor barrier (permeance of 0.1 or less)
or retarder (permeance greater than 0.1, but less
than 10) have adifferent function than that of the
air barrier. Whereastheair barrier ismeant to stop
theflow of air and its contained water vapor
through wallsand ceilings, vapor barriersand
retardersare meant to retard the diffusion of
moisturethroughwalls, ceilings, and floors. Often
theair barrier and the vapor barrier arethe same
material, such as6-mil polyethylene.

Asan aternative, some buildersusetaped and
gasketed drywall astheair barrier and specid
paint primer applied to theinside of thedrywall as
avapor barrier. Please seethe discussion of
M oistur e Contr ol below for moreinformation.

3. Indoor Air Quality

With al houses, but especially with tight ones,
itisimportant to keep indoor air quality inmind.
Toolittlefresh air coming into the house causes
indoor air pollutantsto build up. Indoor air pollu-
tioncomesfrombuilding materias, furnishings,
the activities of the homeowners (such assmoking,
cooking and cleaning), combustion appliances,
high humidity, and even from the ground around
and under the house. Some of the more common
indoor air pollutantsand their sourcesarelistedin
Table7.

Whilemany of the potential health effects of
indoor air pollutantsarelong-term and difficult to
attributetoaparticular pollutant, someindividuals
haveallergiesto particular chemicalsor suffer
frommultiplechemical sensitivity (MCS), which
makesthem reactive to awide range of common
househol d pollutants. Someexpertsclaimthat
MCSisbecoming more common.

Itisimportant for buildersto haveagenera
understanding of indoor air quality issues, know
how to protect against problems, and be aware of
what todoif difficultiesareidentified by home-
owners. Therearefour level s of action that can be
taken to deal withindoor air pollution problems.

Firstand mostimportantly, potential pollution
sources should be kept out of the house. Thiscan
bedoneby installing only direct vent or sealed
combustionappliances; avoiding productscontain-



ing formal dehyde, such as medium density par-
ticleboard (commonly usedin kitchen cabinets);
and designing the foundation to keep radon out.

Second, if materialsthat emit pollutantsare
used to construct the house, you may be ableto
sedl thesematerial surfacestolower or eliminate
pollutant emissions. For exampl e, kitchen cabinets
can be sealed with ahigh-quality finish to effec-
tively lock theformaldehydein and keep it out of
thehouseholdair.

Third, itisoften advisableto spot-ventilate
near pollution sources. Fansshould beinstalled in

kitchensto exhaust cooking odors and fumes.
Bathroom fansshould beinstalled to ventilate
odors and water vapor. A window in abathroom
isnot an adequate substitute for an operating
exhaust fan. If aroom is planned as a hobby room
or darkroom, install aventilation system.

Fourth, andfinally, genera ventilationis
recommended in new housesto ensure an ad-
equate supply of fresh outdoor air. The American
Society of Heating, Refrigeration and Air Condi-
tioning Engineers (ASHRAE) recommendsthe
operation of whol e-building mechanical ventila-

TABLE4

Common Indoor Air Pollutants

Pollutant

Source

Formaldehyde

Volatile organic
compounds

Poisons

Asbestos

Combustion gases
(carbon monoxide,
sulfur dioxide,
nitrogen dioxide)

Airborne biological
agents (bacteria,
mold, viruses, dust
mites, fungi)

Radon

Water vapor

Plywood (particularly interior grade), particleboard,
paneling, other laminated wood products.

Carpeting, drapes, clothing and other synthetic products.
Indoor combustion sources.

Cleaning products, pesticides, fabric softeners, deodorizers.
Synthetic materials used in interior construction and
decorating.

Pesticides, rodent poisons, roach sprays, flea powder.
Sawing and sanding dust from pressure-treated wood.
Dust from older materials with lead paint (e.g., recycled
doors).

Usually no longer used in new products.

In older homes, used as an insulation on heating pipes and as
asiding material.

In new construction, only found in afew recycled

building materials.

Unvented kerosene heaters.

Improperly vented combustion appliances.

Gas ranges that are improperly adjusted.

Cigarette smoke.

Wood stoves and fireplaces leaking smoke into living space.

I1Iness in the household.
High humidity (above 50% relative humidity), damp basements.
Improperly installed heating system ductwork.

Soil or bedrock surrounding the house in most of Maine.
Well water.

Household activities (showering, bathing, cooking).
Exterior water sources (improper drainage, roof leaks).
Unvented combustion appliances.
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tion when the house is closet up for winter
heating or summer cooling. Seethe next section
for suggested ventilation flow rates.

Someindoor air pollution sourcesare prima-
rily aconcern only for thefirst month or two after
constructioniscompleted (paint, varnishand
adhesivefumes, and high water vapor levelsfrom
drying concrete and wood, for example). Dealing
with these pollutantsmay require higher-than-
normal ventilation for aperiod of several weeksor
monthsfollowing construction. Thiscanbe
accomplished by opening windows or operating
heat recovery ventilator sor exhaust fansat
higher settingsthan would otherwise berequired.

ASHRAE Standard 62.2-2003 and
Mechanical Ventilation

Ventilation and AcceptableIndoor Air
Quality inLow-Rise Residential Buildings
(ASHRAE Standard 62.2-2003) is part of the
Maine Model Building Energy Code, so when
following the Code thisventil ation standard must
be followed also. To comply with ASHRAE
62.2-2003 follow these steps:

1. Determinethewhole building ventilation
requirement from Table 5. Wholebuilding
ventilation may be provided with abathroom or
kitchenfan that also provideslocal ventilation. If
thiswhole building fan isintended to operate
continuously, it must operate quietly at one sone
or less. The control for thisventilation must be
automatic (with accommodation for occupant
override) or provided by a“fan on” switch that is
part of aheating and/or air conditioning system
when ductwork isused for introducing fresh air.

Thiswhole building fan should operate when the
houseis closed up and occupied.

2a. Install alocal exhaust fan of 50 CFM
(cubic feet per minute) in each bathroom de-
signed for intermittent operation at asonelevel of
three or less. Control should be provided with an
on/off switch onlocation.

2b. Or, install a20 CFM exhaust fan in each
bathroom that operates continuously at asone
level of oneor less. Thefan must operate without
occupant intervention, but must have an override
feature.

3a. Install alocal exhaust fan of 100 CFM in
the kitchen that runs at asonelevel of three or
less. Control should be provided with an on/off
switchonlocation.

3b. Or, install acontinuously operating
kitchen exhaust fan providing fivekitchen air
changes per hour. The fan must operate without
occupant intervention, but must have an override
feature.

4. Vent the clothes dryer to the outdoors.

5. Ensure combustion appliances do not
backdraft when all exhaust appliances are operat-
ing simultaneously and houseis closed up.

6. Ensure that the attachment between the
house and garage will prevent migration of
contaminates.

7. Install openable windows in habitable
spaces, toilet, and utility spacesnot lessthan 4
percent of floor area.

Mechanical ventilation can beprovided either
with exhaust-only fans or with heat recovery
ventilator s, sometimescalledair-to-air heat
exchangers.

Exhaust-only fans, includ-

TABLES

ing kitchen and bathroom

Cubic Feet per Minute

Whole Building Ventilation Requirement

(new homes, continuous fan operation)

fans, arethe most common
meansof providing me-
chanical ventilation.

Floor Area (ftz) Number of Bedrooms MakeUp ar Is provided by
I airinfiltratingthrough
of Conditioned Space 0-1 2-3 4-5 .
cracks around windows,
= 1509 50 45 60 doors, and other leakage
1501 — 3000 45 60 75

Standard 62.2-2003, Table 4.1a.

For homes larger than 3000 ft2 and homes with more than five bedrooms, see ASHRAE

areas. One problemwith
thisventilationstrategy for

very tight housesisthat
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there are few leakage sources, so the house ends
up operating under negative pressurewhilethe
exhaust fansare operating.

Whiledlight negative pressureisnot abig
problem by itself, it can create hazardous condi-
tionswithinthe house. If there are any non-direct-
vent combustion appliances, thenegative pressure
cancausebackdrafting—pulling potentially
hazardousflue gasesinto the house instead of
allowing themto exit through the chimney.
Negative pressurein the house can also pull radon
gasinto the basement from the ground (see discus-
sionbelow).

Tominimizenegativepressure problemsin
tight houseswith exhaust-only ventilation, air
inlet vents—essentially intentional holes—canbe
installed inthe exterior wallsof the house. This
may sound contrary to good sense: after making
an effort to make the house tight, who would want
to put holesin the house? However, theidea has
merit asasimple strategy to supply makeup air for
exhaust-only ventilation systems. For onething,
you can control wheretheinlet ventswill be and
install theminlocationswhereadight draft will
not be noticeable. In addition, you can control the
total areaof ventsprecisely andinstall exactly as
many asrequired to balancethe exhaust ventila-
tionsystembeinginstalled (manufacturersof
quality ventilation systemswill beableto helpyou
sizetheinlets).

Another optionisheat recovery ventilation.
Heat recovery ventilatorsexhaust staleair fromthe
house and, at the sametime, bring inan equa
amount of fresh outdoor air. In addition, they
preheat theincoming fresh air to some extent by
transferring thermal energy fromthewarm exhaust
air tothecold, fresh, incoming outdoor air. The
house does not experience negative pressure, and
the makeup air does not have to be heated as much
asit doeswith the other ventilation strategies. A
high-quality heat recovery ventilator will recover
60 to 85 percent of the heat that would otherwise
have been|ost by exhaust-only mechanical
ventilation.

Themost significant problem with heat
recovery ventilation systemsisthat both trades-
people and homeownersare often unfamiliar with
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theequipment. Heating and air conditioning
contractorshavelittle experiencewithit, and they
arereluctant to risk their reputationson an unfa-
miliartechnology.

Perhaps because homeowners cannot see what
aheat recovery ventilator isdoing and the prob-
lems associated with not using one are not imme-
diately obvious, homeownerstend to turn them
off. Until the heat recovery ventilator industry
growsto the point whereit can afford a broad
educational campaign to convince homeowner of
their value, these problemswill probably persist.

Radon

Radonisacolorless, odorless, radioactive
gas present in bedrock throughout much of the
country. High radon levels have been found in
many parts of Maine. Thegascan seepinto a
house through the basement and increasetherisk
of lung cancer among the occupants, particularly
if they also are smokers.

In recent years, radon and itsadverse health
effectshavegenerated considerablepublic
concern and arecommendation by the U.S.
Environmental Protection Agency (EPA) that
every house betested for thegas. If levelsover
4.0 picoCuries per liter (pCi/l) arefound, EPA
suggestsremedial actionto bringthelevels
down below thislevel.

Houses can betested for radon levelsquite
easily using one of several typesof low-cost
monitors. Unfortunately, thereisno good way to
test abuilding sitefor apotentia radon problem;
the house must befully completed beforeavalid
radon test can be done. For thisreason, all
houses should be designed with radon control
and mitigationinmind. Fortunately, many of the
methodsfor controlling radon arethe same
strategiesthat areused for building energy-
efficient houses. Specialized measuresarequite
simpleandrelatively inexpensive.

Designing buildingsto avoid radon prob-
lemsinvolvesathree-part strategy: 1) minimize
radon entry pathways, 2) minimize negative
pressurein buildings (whichwill pull air into the
house through the basement wallsand floor, as
discussed above); and 3) incorporate strategiesto



facilitatefutureradonmitigation, if necessary. material wherethefoundationwall and slab

These strategiesare shownin Figure 8. meet; caulking cracksaround any penetrationsin

Techniquesto minimizeradon entry intoa thefoundation floor or walls; removing grade
new house usually focus on the foundation and stakes and screed boards asthedabisbeing
basement dabfloor. They includeinstalling a finished (otherwisethey will eventually rot and
polyethylenemoisturebarrier under thebase- leaveachannel into the sub-dlab gravel); sealing
ment floor dab; putting steel mesh, fiber mesh the sump cover; waterproofing the outside of the
and re-bar (reinforcement bar) intothedabto foundation wall; and providing adequate foun-
reducecracking; installing expansionjoint dationdrainage.
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Figure 8. Designing a house to minimize the likelihood of radon problems—and to simplify future radon
mitigation if it does become a problem—is quite easy.
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Tofacilitatefutureradonmitigation—if it
ever becomesnecessary—themost important
strategy istoinstall four inchesof crushed stone
or gravel under the basement dlab. If high radon
levelsare ever found, a4" hole can bedrilled
into theslab and aplastic pipeinserted into the
sub-dab gravel, vented either through theroof or
out through awall. If highradon levelsare
considered likely, a4" standpipe can bein-
stalled beforethe dab ispoured so theradon
mitigation system can beactivated without
havingtodrill through the concretefloor later. If
suchapipeisinstaled, itisimportant to label it
asasub-dab radon ventilation pipe so that, in
thefuture, it isnot confused with adrainpipe.

Details showing how these techniques can be
incorporated into your foundationdesign are
included in the Recommended Construction
Pr actices section of thismanual (starting on page
39). For moreinformation on radon and indoor air
quality issues, including recommended practices
for reducing radon problemsand alist of approved
radon testing and mitigation companies, contact
theMaine Radiation Control Program:

Maine Radiation Control Program

Department of Human Services

Augusta, ME 04333

Phone: 800-232-0842
207-287-5698

4. Moisture Control

Controllingmoistureinbuildingsinvolvesa
two-part strategy: 1) keeping water from entering
the house, and 2) effectively keeping water vapor
out of insulated cavities. Keeping water from
leaking into the house requiresthe use of standard
constructiontechniques, with particul ar attention
paid to roof flashing, ice dam prevention mea
sures, foundation drainage, and foundation wall
waterproofing.

Constructiondetailsto prevent leaksare
shown in the Recommended Construction
Pr actices section of thismanual. Follow manufac-
turers’ recommendationsfor flashingdetailswith
skylights, windows and doors. Also, make sureall
plumbingisproperly installed and protected from
possiblefreezing and rupture, which would
introduce water into the house.
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Dealing with the second part of the moisture
control equation—water vapor—can bemore
challenging. Asavapor (gas), water does not
causeany direct problems. The problem occurs
when conditions allow the water vapor to con-
denseintoliquid water insideawall or ceiling
cavity, or on an inside surface, such aswindow
glass.

All air contains some water vapor. The
amount of water vapor it containsis measured by
itshumidity. Asamassof air iscooled down, its
ability to hold water vapor drops (that’ swhy cold
winter air isalwaysdrier than warm summer air).

Relative humidity istheamount of water
vapor inasampleof air relativeto the maximum
water vapor carrying-capacity of theair, at agiven
temperature. If theair masscools, the actual
guantity of water vapor init remainsthe same, but
the carrying capacity for water vapor isreduced,
thus, therelativehumidity increases.

Asthetemperature of theair continuesto
decreaseg, it eventually reachesthe dew point
temperature. Thisisthetemperatureat whichthe
relative humidity reaches 100 percent. If the
temperature dropslower than the dew point, the
excesswater vapor condensesinto aliquid. This
liquid water can rot wood and degrade the R-value
of insulation.

During thewinter, it ismuch cooler outsidethe
housethaninside. If warm air containing water
vapor isableto movethrough thewall cavity
toward the outside, it will cool. Depending onthe
initial relative humidity of theair and theoutside
temperature, the dew point may bereachedinside
thewall, ceiling, or floor cavities (seeFigure9),
allowing condensation to occur, soaking the
insulationand potentially rotting framing mem-
bers. Air barriersare meant to prevent this poten-
tially damaging air flow fromoccurring.

Evenif warminsideair cannot readily flow
into construction cavities, water vapor issome-
timesableto diffusethrough materialsintothe
wall cavity. Theability of water vapor to diffuse
through different material sismeasured by the
per meance of thematerial. The permeance, or
per m ratings, of different materialsareshownin
Table6. Ingeneral, materialswith perm ratings of
0.1to 10 are considered vapor retar ders; vapor
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Figure 9. Air moving through the wall cavity during cold weather will cool down. As it cools,
the relative humidity of the air increases. When the dew point temperature is reached (100
percent relative humidity), potentially harmful condensation will occur.

barriersare even moreresistanceto vapor
diffusion, having apermeancerating of 0.1 or
less.

If conditionsare conduciveto condensation,
asthey areinthe cold climate of Aroostook
county, air and vapor barriersareimportant to
keepinsulationdry; prevent possiblestructural
damagefromrot, corrosion, or freezing; and to
reduce paint failure. Air barriersareequally as
important in the other counties of Maine, but
vapor retardersare recommended instead of
vapor barriers.

To prevent water vapor condensation within
wall cavities, thereareanumber of important
rules, some of which apply to the construction of
the house and some of which apply tolivinginthe
house.

First, follow the practi cesdiscussed previoudy
intheair leakage section to keep the building
envelope astight aspossible. Studies have found
that most of the water vapor that getsinto wall
cavitiesiscarried by air moving through thewall,
rather than aswater vapor gradually diffusing
throughinterior building surfaces. Eliminatingair
leakageis, therefore, an excellent defense against
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problems caused by condensing water vapor. The
effectivenessof anair barrier can besignificantly
reduced evenif it hassmall holesinit.

Second, when building ahouse, install avapor
retarder or barrier onthewarmside of thewall,
celling, andfloor cavities(toward theliving
space). The most common vapor barrier is4- to 6-
mil polyethylene, which, if air sealed, canaso
serveasanair barrier. A good vapor retarder is
kraft paper backing onfiberglassinsulation.

Third, try to eliminate any obvious sour ces of
water vapor. Do not store large quantities of
freshly cut firewood in abasement—drying wood
releaseslarge quantities of water vapor and uses
energy for the evaporation process.

Install exhaust ventilation fansor heat recovery
ventilatorsin areaswherelarge quantities of water
vapor aregenerated (kitchensand bathrooms).

Make sure clothesdryersare vented to the
outdoors. Do not use an unvented kerosene heater
(inadditiontoreleasing potentially hazardous
combustion gasesinto the house, thesealsorelease
large quantities of water vapor). And be surethat
thefoundationisproperly protected from|leakage
(awet basement floor can add large quantities of



TABLEG6
Perm Ratings of Common Materials

Type Material Perm Rating
Masonry Concrete block (8") 24
Brick masonry (4") 0.8
Exterior Wall Plywood, exterior 0.7
Materials Pine, tongue-and-groove 45
Clapboards 8.0
Interior Wall Gypsum drywall (1/2") 40
Materials Plywood, interior 1.9
Insulation Extruded polystyrene (1") 12
Expanded polystyrene (1") 20-58
Batt insulation, unfaced (1") 116
fiberglass, cellulose, mineral wool

Vapor Polyethylene (4-mil) 0.08
Barriers Polyethylene (6-mil) 0.06
Aluminum foil (1-mil) 0.0
Foil facing on batt insulation 0.5
Kraft facing on batt insulation 1.0
Foil facing on rigid insulation 0.0
Paints and Latex primer sealer 6.3
Wallpaper “Vapor retarder” paint 0.6

Primer plus one coat flat oil paint
on plaster 16-3.0
Enamel paint on smooth plaster 05-15
Standard wall paper 20
Vinyl wallpaper 1.0
Papers and 15-1b building felt 5.6
Housewraps Air barrier (Tyvek®, Typar®, etc.) 10-40

Source: ASHRAE Handbook of Fundamentals, 1997, pp. 24.16-24.17.
Permeance (Perm) = grain/hr, ft?, in. Hg

water vapor to theair asthe water evaporates). For thisreason, expertsrecommend that if foil -
Fourth, if possible, build wall and ceiling faced rigid insulation isused on the outside of a
assembliesso that the materialsused are progres- wall assembly, it should be at least 2" in thickness.
sively more permeableto moisture, moving from Thisensuresthat theinnermost foil facing will
theinsidetoward the outside. If moisture doesget remain warm enough to prevent water vapor from

into awall or ceiling, it will have abetter chance condensing onit. If therigid insulation isthinner,
of escaping if higher permeancematerialsare say 1/," foil-faced insulation, theinner facing will
installed on the exterior portionsof wallsand not have as much R-value between it and the cold
ceilings. For example, if avapor retarder is outdoor air. Thisinner facingwill, therefore,
installed on theinside (such askraft paper), the become colder andismorelikely to allow conden-
exterior sheathing, etc. should haveasufficient sation to occur, possibly causing damage.
permeanceto allow drying. A rulethat originated in Canadarelatesto

keeping avapor barrier warm enough so that
26



water vapor will not condenseonit. The/;: %/,
rule ensuresthat the vapor barrier will remain
warm enough to prevent condensation problems.
The '/, %/, rule states that Y/, of the R-value of the
total installed insulation should beto thewarm
side of the vapor barrier and %, of the R-value
must beto the cold side—toward the outdoors.

Fifth, unheated areas and some cavities should
be ventilated to the outdoors. Important areasto
ventilateinclude unheated atticsand the air space
under theroof sheathing ininsul ated cathedral
ceilings. Ventilating these spaceswill allow
trapped water vapor to escape.

Finally, homeownersshould keeprelative
humidity levels between 30 and 50 percent during
thewinter months. The higher therelative humid-
ity, themorelikely it isthat condensationwill
occur inwall or ceiling cavities—or on cooler
interior surfaces such aswindow glass.

Thisisalso afavorable humidity rangefor
occupant health. At levelsabove or below this
range, some homeownersmay suffer respiratory
problemsresultingfromallergies, bacteriaor
viruses. Useahumidity gaugeor digital hydrom-
eter tomonitor humidity levels.

Alternative Methods of Wall Construction

Asmentioned above, research by building
scientists has shown that the movement of air—
and its contained water vapor—through cracks,
gaps, outlet boxes and other placesisthe primary
way moisturegetsintowall and ceiling cavities.
Thiswater vapor can condense, causing rot and
the degradation of the R-value of insulation. Much
morewater vapor getsintowall and ceiling
cavitiesthrough thismechanismthan by diffusion
through interior surfaces. For thisreason, anum-
ber of Canadian building scientistsdeveloped a
construction techniqueintheearly 1980sthat
places|essemphasison vapor barriersand more
emphasison blocking air movement through walls
andceilings.

Inthis Airtight Drywall Approach (ADA) to
construction, vapor barriersor retardersaretill
recommended, but they are down played, relative
toar barriers. The ADA method employsthe
interior finished drywall astheair barrier. The
drywall isgasketed and sealed at all joints. This
includessealingthedrywall toall electrical outlets
and switch boxes, placing special gaskets between
the back of thedrywall and framing membersat
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leakage into the wall and ceiling cavities.
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Figure 10. In ADA construction, the framing and drywall are carefully sealed to prevent air




windows, doors, and upper and lower plates.
Pleaserefer to Figure 10for moredetails.

Thevapor retarder or barrier isthen painted on
theinterior surface of thedrywall. Thissystem
workswell, but requires speciaized knowledgeto
complete.

5. Ventilating Building Cavities

Ventilating roofsand, in some cases, crawl
spaces, isalsoimportant for controlling moisture
and wasreferred to in the previous section. This
typeof ventilationisalmost awayspassive; that is,
itisdonewithout motorsor fans.

Roof Ventilation

Proper roof ventilationwill carry away mois-
turethat may accumulateintheinsulation. In
addition, roof ventilation can play animportant
rolein preventingicedams. Finally, roof ventila-
tion hel ps keep roof and attic spaces cooler during
warm westher. Almost al roofs should be venti-
lated, no matter what roof styleisused: gable,
gambrel, mansard, hip or shed (see exceptionson

page 30).
Proper roof ventilation requiresbothinlet and

outlet vents. Theinlet ventsshould be at the
bottom of the roof and the outlet vents at thetop so
that the natural buoyancy of heated air provides
thedrivingforcefor theventilation. Typica
ventilation configurationsfor themost common
roof designsareshownin Figure11. Ventilation
ismost effectivewhen thereisafull ridgeaong
the peak of theroof. A continuous soffit vent in
the soffits of the eaves providestheinlet, and a
continuousridge vent providesthe outlet, as
shownin Figure 12.

Gable-end vents can be used asthe outlet
ventsin place of ridge vents, or asboth inlet and
outlet vents. Though not as effective as continuous
soffit and ridge vents, acombination of gable-end
ventsand continuous soffit (inlet) ventsisusually
satisfactory. Gable-end ventsarel east effective
when used by themselvesto provide both inlet and
outletventilation.

Proper ventilation of mansard and hiproofsis
moredifficult becausethereisnot acontinuous
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Figure 11. Proper roof ventilation is important. When soffit and ridge vents cannot be used, specialized
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ridge running thefull length of theroof. In such
cases, cupolasand/or roof ventilators can be used
asoutlet ventsat or near the peak of the roof.

Shedroofsthat abut wallsarevery difficult to
ventilate because even specially designed venting
products can be readily clogged with snow during
thewinter. An option for venting these shed roofs
isto build vent space withinawall, asshownin
Figure 13. Warm air rising up the shed roof
passesinto an air space between thewall sheath-
ing and siding whereit can riseto aridge vent at
the peak.

Inlet and outlet vent areas should be the same.
A generd rulefor thearearequired isone square
foot of combined inlet and outlet vent (net free
vent area—see below) for every 300 ft2 of areato
be vented. For example, if ridge and soffit vents
are used in combination for ahouse with a1000
ft? unheated attic, atotal net freevent areaof 3-/,
ft2 should be provided, one-haf of thisin the soffit
areasand one-half intheridge. If two gable-end
ventsare used for thisexample, one-half of the
required free vent areawould beinstalled in each
of the two gable ends.

Theserulesrefer tothenet freevent area,
which takesinto account the areataken up by
louversand/or screening. If thefreevent areais
not stamped on the vent you are using, contact the
manufacturer for thisinformation. If youare
unableto obtain avaluefor thefree vent areaof a
vent device, assumethat 50% of itsgross mea-
sured areaisfree vent area.

Withinsulated cathedral ceilingsor thesoped
section of celling/roof in Cape Cod style houses,
vent spacersare required under theroof sheathing
to keep theinsulation away and provide a continu-
ouschannel for airflow. Theair space under the
roof sheathing should beat least 1" thick to
provide adequateair flow.

Providing adequate roof ventilation aboveand
below roof windows and at roof hipsand valleys
can be quite difficult. Above and below roof
windows, one-inch holes can be drilled through
theraftersnear thetopto allow somelatera air
flow around the roof window. At hipsand valleys,
the hip raftersand valley rafters can be dropped
down to provide an air space at thetop for air flow
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Ridge wvent
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Figure 12. Optimal roof ventilation is provided with
continuous soffit and ridge vents — whether for an
unheated attic or cathedral ceiling application.

Eave-type

Vented wall

Figure 13. Providing adequate roof ventilation for a
shed roof abutting a wall can be difficult. One option
is to vent the roof air space into a vented wall.

into adjacent rafter bayswheretheair can flow up
and out theridge vent. Roof ventilation details,
including use of vent spacers, are showninthe
Recommended Construction Practicessection
of thismanual.

Asan exception to thispractice of ventilating
all sectionsof roofs, someinsulationinstallersare




now dense packing celluloseinsulationinto these
spaces, leaving no spacefor ventilation. Appar-
ently thispracticeworkswell, allowing ahigher
insulating valueinthese s oped ceiling/roof
spaces. Thisshould not be donewith fiberglass,
rock wool, or any other insulation that allowsair
to flow throughit.

Another exceptionto venting roofsisoften
referred to asawarm roof. Thisroof typeis
insulated withrigidinsulationor astructural
insulated panel system, or SIPS(rigidinsulation
laminated to other material's, such asplywood or
drywall). Thewood roof decking isapplied on top
of therigidinsulation, thenthefinishroofing
material isinstalled. No vent spaceisbuiltinto the
roof assembly.

Warm roof construction—the use of dense-
pack cellulose, Icynene, or any typeof rigid
insulation—may not be acceptabletolocal code
officers, sotak withtheappropriateofficias
before beginning construction. Inaddition, thereis
concern by somethat excessive heat buildup may
shorten thelife of theroof shingles. Asaresult,
you might find that shingle manufacturerswill not
warranty their shingleson awarm roof; they may
insist onroof ventilation that providesfor airflow
just below the material to which the shinglesare
fastened.

Crawl Space Ventilation

Theneed for crawl space ventilationisan area
of debatein the building industry today. Some
building codes recommend that crawl spacesbe
vented during the summer monthsto allow water
vapor to escape. If amoisture barrier isused on the
ground, one 8" x 16" vent isrecommended for
each 350 ft2 of floor areawith aminimum of two
vents. Without amoisturebarrier, thevent area
should be at |east doubled. Vents should be
screened, open during the summer months, and
closed inthewinter.

However, thereisgrowing and significant
support that crawl spacesand unheated basements
not be vented during the summer or winter.
Expertsarguethat venting acrawl space during
thesummer introducesmoremoisturethanit
expels. They point out that 1) theincoming air has
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ahighrelative humidity and 2) surfacesinthe
crawl space or unheated basement are generally
cool, causing excessi ve condensation.

These experts suggest using afull 6-mil
polyethylene (or equivalent) ground cover onthe
crawl spacefloor with no ventilation. If, for some
reason, afull ground cover isnot used, the crawl
space should be ventilated as suggested above.
Refer to the Recommended Construction
Practicessectionfor detailson providing moisture
protection and ventilationin crawl spaces. Check
with codeenforcement officersfor requirements.

6. Windows

Windows and glassdoors (terrace and patio
doors) may account for as much asathird of the
heat lossfrom atypical house. They arethe
building componentswith theleast resistanceto
heat |oss (thelowest R-value or highest U-factor).
Asaresult, they offer great potentia for improving
overall energy efficiency.

Until the mid-1980s, the only way to boost the
energy efficiency of windowswasto add extra
layersof glazing or to increase the thickness of the
air space between the layersof glazing. In recent
years, however, there have been significant
advancesin window technology, and dramatic
increasesinwindow R-values.

Themost important development hasbeen the
introduction of low-emissivity (low-E) coatingsfor
windows. A thin metal layer isapplied to one of
thelayersof glassor to aplastic film suspended
between thelayersof glass. Thiscoating allows
most of the short wavelengthinfrared energy from
the sun to pass through, but blocksthe escape of
long wavelengthinfrared raysemanating fromthe
inside of the house. L ow-E coatings add almost as
much R-value asan extralayer of glass, while
being lessexpensiveand lessbulky.

Another major advance has been the use of a
gasother than air in the space between the layers
of glassin aninsulated window. An inert gas
between layers of glassisnow offered asan
option by many major window manufacturers.
Different glazing configurationsand their resultant
R-valuesarecomparedin Table 7. These are
averagevalues; dight differencesinair space



thickness, the type of coating and window design
may resultin somewhat different values. When
evaluating windows, read through the
manufacturer’ sliteraturecarefully.

A new method of calculating R-values and U-
factor swasintroduced by window manufacturers
in 1990. The new method takes into account edge
lossesand, thus, givesamore accurateindication
of R-valuesand U-factors. If you have questions
about theinsulating value of windows, talk with
your dealer or call the State Energy Program.

Along with the glazing configuration, thetype
of window and its construction also have abig
effect on energy efficiency—primarily duetoair
tightness. Casement windows, for example, are
typically tighter than double-hung windows.
Windows and doors aretested for air tightness by
manufacturersunder carefully controlled condi-
tions. Themeasured air tightness, in cubic feet of
air per linear foot of crack (cfrm/ft), should belisted
inthemanufacturer’ sliterature. Of themost
common window types, casementsand avnings
aregeneraly thetightest, followed by didersand
double-hung windows, but you will find consider-
ablevariationfrommanufacturer tomanufacturer,
depending on the weatherstripping and closure
detailsused. Theremay also bedifferencesinair
tightnesswith different framematerias: wood,

vinyl-clad wood and metal. Theair leakage values
of different window models offered by one
particular manufacturer arelistedin Table8.

When choosing windows, be sure to study
energy efficiency carefully. Comparedifferent
brandsand a so the different styles offered by the
samemanufacturer.

Itisusually best to purchase pre-manufac-
tured windowsrather than trying to fabricate
your own. Fixed windows are generally the
tightest, followed by casement (including aw-
ning, hopper, and skylights) and then double
hung. Itisaways best to avoid low quality
windows.

Another way toincreasetheinsulating value
of windowsisto install and use movablewindow
insulation, either soft insulated shadesor rigid
insulated shutters. Theseinsulating devicesalso
often serve as cosmetic window coverings, a
feature that most home occupantswelcome. The
materia shouldincludeavapor barrier membrane
closetoitsinsidesurface. Thesetight-fitting
interior shades or shuttersare drawn over the
window glass on cloudy winter days and during
the night. In addition, they can be drawn to control
solar gain through window glass.

TheR-vauesof these materialscan be signifi-
cant—as much as an additional R-4 abovethe

TABLE 7
Glazing Configurations and R-Values

Glazing Configuration R-Value U-Factor
Singleglazing 0.87 1.15
Doubleglazing, 3/16" air space 1.7 0.59
Doubleglazing, 1/2" air space 2.0 0.5
Tripleglazing, 1/2" total air space 2.3 0.43
Tripleglazing, 1" total air space 2.6 0.38
Doubleglazing, vinyl frame, low-E 2.78 0.36
Double glazing, vinyl frame, argon filled, low-E 3.0 0.33
Triple glazing, vinyl frame, argon filled, low-E ~ 3.45 0.29
Triple glazing, vinyl frame, krypton filled, low-E 4.76 0.21




TABLES
Air Leakage Values for Different Windows
from One Manufacturer

Window Type Air Leakage (cfm/ft)
Casement .03
Awning .07
Double-hung A7
Slider A3
European-stylecombinationside

and bottom hinged .01
Roof window .03
Sliding patio door A7
Hinged terrace door .07
Hinged French doors 10

window itself. Of course, theincreased R-valueis
only effectiveif thewindow insulationisdrawnin
place over the window glass.

TheMaineModel Building Energy Code
does not recognize window insulation asa
method of complying with therequired R-value of
windows—theinsulating value of the windows
themselvesmust comply. However, movable
window insulation can be a cost-effective way of
reducing heat loss or unwanted solar gain through
thewindow and door glass.

7. Doors

Likewindows, exterior doors can bebig
energy wasters, both dueto heat lossthrough the
doors, and air leakage around poorly sealed units.
The biggest decision in buying adoor, from an
energy use perspective, iswhether to buy asolid
wood door or an insulated door. Solid wood doors
aregeneraly preferred from an aesthetic stand-
point, but they providelessresistanceto heat flow.
A 2" thick solid wood door insulates to about R-
2.2. With awood storm door, the total R-vaue
can be boosted to about 3.5. Aninsulated metal or
fiberglassdoor, by contrast, can provide between
R-2.2 and R-6, without a storm door. Further-
more, metal and fiberglassdoorsgenerally seal
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moretightly and arelesslikely to warp with
weather exposure. Warping can greatly reducethe
air tightnessin wood doors. Metal doorswith
magneticweatherstrippingaregeneraly the
tightest because of therefrigerator-likeseal be-
tween the door and jamb.

If anair-lock entry isused, the energy penalty
for installing awood door will be reduced, but the
energy performancewill still belower thanwithan
insulated metal door. No matter which type of
door you decide on, be sureto buy only pre-hung
units. Factory-installedweatherstrippingisfar
better than what you can provide with site-hung
doors, and thetoleranceswill generally bemuch
tighter.

8. Heating Considerations

How successful you arein building atight,
energy-efficient houseismeasured by itsheating
requirementsand by the comfort of the occupants.
Refer to Appendix A for information on cal cul at-
ing the heat load of ahouse and installing an
appropriately sized heating system.

Successfully keeping heating billsdown
dependson threeimportant factors. 1) the energy-
efficiency of thehouse; 2) the heating system
used—itsefficiency and fuel type; and 3) the



occupants’ behavior, which isbeyond the scope of
thismanual. Y ou can maximizeyour investmentin
an energy-efficient house by heating it witha
high-efficiency heating system.

New oil-fired furnacesand boilersdeliver heat
at aminimum seasonal efficiency of 80 percent.
New gas-fired heating systemsare at least 78
percent efficient, with condensing gasfurnaces
operating at efficienciesashigh as 95 percent.

Theextracost of buying ahigher efficiency
boiler or furnacerather than onethat isthe mini-
mum efficiency will usually payback injust fiveto
seven yearsin ahouse built to Maine Model
Building Energy Code.

A thorough discussion of available high-
efficiency heating systemsisbeyond the scope of
thismanual, but severa important pointsshould be
made.

Electricresistanceheatingisgenerally the
cheapest type of heating system you caninstall
(fromaninitial cost standpoint), but the most
expensiveto operate. Given electricity pricesin
most areasof Maine, electric resistance heat
should beavoidedinamost all cases. Air-source
heat pumps, which deliver more heat per unit of
energy consumed, have proven to be a question-
able heating choicefor Maine becausetheir
performancedropsdramatically incold weather
(below about 30°F). However, water-source heat
pumps using geothermal energy fromwater wells
or ground loop piping systems often have proven
to be cost effective when both heating and cooling
arerequired.

With oil-fired furnacesand boilers(furnaces
heat and distributeair, while boilersheat and
distributewater), efficienciesover 80 percent can
beachieved with high-speed flame-retention
burners.

For gas-fired furnacesand bailers, ook for
condensing systemswith efficienciesover 90
percent.

Asmentioned inthelndoor Air Quality
section of thismanua (page 19), direct-vent
combustionfurnacesand boilersminimizetherisk
of backdrafting hazardous combustion gasesinto
the house. These systemsdraw combustion air
from outdoorsthrough adedi cated pipe and

33

exhaust flue gases directly to the outdoors, without
any interaction with theair in the house. Today
many housing expertsstrongly recommend direct-
vent combustion appliancesover conventionally
vented appliancesfor new energy-efficient homes.

In planning the heating system, pay particular
attentiontothe controls. Setback thermostatscan
reduce heating billsdramatically: Upto apoint,
each 1°F night setback can save up to 1 percent on
yearly heatingbills.

If there are portions of the house that will be
usedlittleor that havedifferent heating require-
ments, put them on separate zones controlled by
their ownthermostats.

For some hot water heating systems, it may
make senseto consider specializedreset controls
or modulating aquastats, whichregulate boiler
temperaturesaccordingtoouts detemperatures.
Instead of awayscirculating 180° water through
baseboard radiators, areset control lowersthe
water temperature when heating demandsare
lower—thisreducesheat |ossesfrom the boiler
and savesfudl.

Many homeowners building new houses want
afireplace or wood stove, sometimesfor aesthetic
reasonsrather than for saving energy. Wood
stovesarefar moreenergy-efficient thanfire-
places, and should be recommended over fire-
placeswhenever possible. Infact, conventional
fireplaces—without combustionair supplies, tight-
fitting dampersand glassdoors—usually waste
more heat than they provide. Even though a
fireplace may warm theareaimmediately around
it, using thefireplace may actually makethe
heating systemwork harder, becausethefireplace
pullslarge volumesof air out of the house. This
lost air isreplaced throughinfiltration of cold
outsideair, which must be heated.

In atight house, it may be necessary to open a
window to provide adequate draft if thereisnot
adequate combustion supply air for thefireplace.
Refer tothe Air L eakage section for measures
that can betakento makefireplacesmoreefficient.

Most wood stoves on the market arefairly
energy-efficient. Thehighest efficiency wood
stoveshave catal ytic combustorsor secondary air
suppliesto help burn flue gases before they go up



the chimney, which both cuts down on pollution
and boostsefficiency.

Equipment Installation and Maintenance

Proper sizing, installation, and mai ntenance of
heating and cooling equipment aremajor factorsin
operating efficiency. Infact, the potential energy
savingsfromahigh-quality installationaregreater
than those gained from theinstallation of high-
efficiency equipment.

Improper sizingandinferior installation can
increase heating costs as much as 16 percent and
cooling costs by as much as 35 percent over
properly sized and installed equipment. More-
over, proper installation and mai ntenancepractices
can provide substantia non-energy benefits, such
asgreater comfort, lower maintenance costs, and
longer equipmentlife.

Wheninstalling furnacesand boilers, be aware
of thetemperature rise acrossthe heat exchanger,
blower thermostat control, fan-relay delay, thermo-
stat anticipator, programmabl ethermostat specifi-
cations, and systemsizing.

For air conditioning, check theindoor cail
arrflow, refrigerant charge, refrigerant lines,
programmablethermostat specificationsand
systemsizing.

When ductwork isinstalled, be conscious of
theduct sizing and layout, register and grille
locations, balancing dampers, duct sealing materi-
als, andfinal duct leakagetests.

Sizing Heating Systems

Heating systemsare often oversized. This
mistakeisprobably morelikely to happenin
energy-efficient houses. Heating contractorsare
accustomed toinstalling 100,000 to 150,000 Btu/
hr. furnaces or boilers, and they havetrouble
accepting the ideathat anew house may only
require 20,000 to 50,000 Btu/hr. If an oversized
systemisinstalled, itwill operateinefficiently
becauseit will be cycling on and off. Frequent on-
and-off cyclingisinefficient and reducesthelife of
the heating plant. For the highest efficiency and
greatest comfort, aheating system should be
oversized by no more than 20 percent. However,
if you are using aboiler for domestic hot water as
well, you may need more capacity.
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To sizeaheating system, you or your heating
contractor need to know what the expected
maximum heating load for the building will be. On
acold day, how many Btus per hour will it taketo
keep the house comfortable? An architect or
heating contractor should beabletotell youthe
heating outdoor design temper aturefor your
area. InMaine, outdoor designtemperaturesrange
from0to-15°F (these are 97-1/2 percent outdoor
designtemperatures, meaningthat 97-1/2 percent
of thetime, during the three coldest months of the
year, temperatureswill not drop lower). Heat |oss
and heating load calculationsare discussed in
Appendix A.

9. Energy-Efficient Appliances

Aswe build more energy-efficient houses, the
per centage share of thetotal energy bill dueto
water heating, electrical appliancesandlighting
increases. Invery efficient (non-electrically
heated) homes, itisnot unusual for eectricity bills
to exceed heating bills. Fortunately, thereis
significant opportunity to keep electric costsdown
by choosing high-efficiency water heaters, appli-
ancesand lighting.

Typica annua operating costsfor home
appliancesare shown in Table 9. It showsboth
the costsfor average existing appliancesand
efficient new appliances.

In some cases, significant savings can be
realized by switching from electricity to gas; this
may be the case with water heatersand dryers.
Whilethe savingswill be greatest with natural gas,
higher cost liquefied propane (L P) gaswill usually
also savemoney over electricity.

For gasor eectric ranges, arange hood
vented to the outside should be operated while a
range burner or theovenisinuse. Thiswill
facilitate the venting of combustion and cooking
by-productsto the outdoors, making theindoor air
hedthier.

Gaswater heaters should be either the direct
vent type or mechanically vented for indoor air
quality reasons. These unitscan be dightly more
efficient than conventional types, but moreimpor-
tantly, they are safer to operatein atight, energy-
efficienthouse.



Typical Appliance

Appliance

Water heater (electric)

Water heater (natural gas)
Refrigerator (manual defrost)
Refrigerator/freezer (frost-free)
Freezer (manual defrost)

Freezer (frost-free)

Air conditioner (central)

Air conditioner (1 room)

Electric range

Clothes washer (w/ elec. water heating
Dishwasher (w/ elec. water heating)
Color television

Household lighting

* Assumes washing clothesin cold water.
** Compact fluorescent lighting.

Economy, Washington, D.C., 2003.

TABLE9
Operating Costs (Annual)

Note: Operating costsassumeelectricity at .14¢/kWh, gasat $1.80/therm.

Source: Consumer Guide to Home Energy Savings, 8th ed., American Council for an Energy-Efficient

Average Very Energy-
Existing Efficient New
Appliance(s) Appliance(s)

$840 $490
690 420
150 53
200 60
130 50
150 70
420 200
50 30
100 94
200 *40
130 40
70 50
140 **50

With water heating, you should also consider
anindirect-fired water heater that operates of f
an ail- or gas-fired boiler or furnace. Thisisavery
efficient type of water heater and should not be
confused with the older tankless coil water heater,
which wastes energy during the summer months
when the heating system isnot being used. An
indirect-fired water heater allowstheboiler or
furnaceto operatefor short spurts, during which
timethewater in aseparatetank isheated viaa
Separateheat exchanger.

Carefully study the Ener gy Guidelabels
when shopping for new appliances. Energy Guide
labelsarerequired onall new refrigerators, freez-
ers, water heaters, clotheswashers, clothesdryers,
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dishwashersand roomair conditioners. These
labelsdisplay theyearly average energy cost to
operatethe appliance and provide acomparison
with theenergy costsof similarly sized models. I
you are abuilder, discuss applianceswith your
clientsand, wherefeaturesand style suffice, help
them select thosethat arethe most energy efficient.
Using appliances with ENERGY STAR
ratings reduces operating costsand increasesa
home' svalue for the homeowner. ENERGY STARIS
aFedera EPA program that rates products and
buildingsthat exceed the basic federal energy-
efficiency standards. For example, an ENERGY
SraRr-rated refrigerator must use 10 percent less
energy than onethat just meetsthe Federa mini-



mumstandard.

The ENERGY STAR label isnow availablefor
furnaces, boilers, central androomair condition-
ers, heat pumps, programmabl ethermostats,
refrigerators, dishwashers, clotheswashers,
televisionsandrel ated el ectroni c equipment,
lighting products, computersand computer moni-
tors, and avariety of other office equipment.

In addition, ahome can be ENERGY STAR-
certified by an approved energy auditor. An
ENERGY STARhome might qualify for preferential
financing, itsoperating costswill beminimal, and
itsresale value will be higher. The ENERGY STAR
level of energy efficiency approximately equates
to that of the Maine Model Building Energy
Code.

10. Energy-Efficient Lighting

Inthe past ten years, there have been many
technological changesinareaof lighting, opening
the door to dramatic energy savings. With tubular
fluorescent lights, we have seen theintroduction of
quiet, flicker-freeel ectronicballastsandimproved-
color lampsthat makethistype of lighting much
moreacceptableintheresidential environment.

An even more exciting development wasthe
introduction of compact fluor escent lamps. The
light quality from compact fluorescent lampsis
similar tothat fromincandescent lamps, yet they
consume about one-third to one-quarter asmuch
electricity for agiven amount of light, and they
last asmuch astentimesaslong. Therearetwo
basi c typesof compact fluorescent lamps: lamp-
only unitsthat plug into suitable ballasts, and units
withintegral ballaststhat can ssmply be screwed
into standard light bulb sockets.

In new construction, when deciding on which
fixturestoinstall, it makes senseto buy fixtures
specially madefor the plug-in compact fluorescent
lamps. Thesefixtureshavebuilt-inbalasts; if the
lampfails, it can beinexpensively replaced. With
fixturesdesigned for standard incandescent light
bulbs, make surethat compact fluorescent lamps
(withintegral ballasts) will fit.

For outdoor lighting, there are now compact
fluorescent lamps, high-pressuresodium, metal
halidelamps, all of which are more energy-
efficient than outdoor incandescent lamps. Make
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surethelampsyou use arerated for outdoor use.
Always compare the lumen output and Watt
input when deciding which lamp typeto pur-
chase and use.

Y ou might also want to look carefully at your
outdoor lighting requirements. Outdoor spaces
around houses are often over-lit, and savings
might be achieved by using fewer or lower-
wattagelamps.

In addition, there have been advancesin the
area of lighting controls. There are sound- and
motion-activated control s, programmablecontrols
that can be operated from aremote | ocation by
telephone, and control sthat adjust lighting inten-
sty relativeto daylight levels. Whilemost of the
interest in energy-efficient lighting hasso far been
limitedtocommercia andindustrial buildings,
Interest isgrowing among homeowners now that
lamp pricesarefalling and energy pricesare
increasing.

11. Promising Technologies

Thereareanumber of technologiesthat hold
promisefor thefuture. Some of thesetechnologies
might alter energy usesignificantly, othersmight
ater it only dightly, whilegiving homeowners
more choices. The next generation will know the
outcomes.

Fuel Cells

Fuels cells generate electrical energy using an
el ectrochemical processthat convertshydrogen
and oxygen directly into el ectrical energy without
combustion. These devices have no moving parts
and operate somewhat like your car battery, but
operate continuously —without recharging —as
long asfuel issupplied.

There are anumber of advantagesto this
technology. Fuel cellsarethemost efficient
method for producing el ectricity: they maintain
high levelsof efficiency over abroad operating
range, they have no moving parts, they are quiet,
and they arethemost environmentally friendly of
el ectricgenerationtechnol ogies(they discharge
only water vapor and carbon dioxide).

Of the four fuel cell technologiesthat show
economic promise, thesolid polymer fuel cell,
more commonly known asthe PEM or Proton



Exchange Membrane, hasthe greatest likelihood
of useintheresidential market. Thesecellsare
now availableinavariety of sizes, including some
for very small-scal e applications(lessthan 100
watts). Itislikely that, within the next five years,
PEM fud cellswill bewidely availablefor
supplying el ectrical and heating needsin homes.

A prototype project installed in the late
summer of 2002 is providing up to 5kW of
electricity toamodel homein Colorado, whilethe
heat generated by thefuel cellsisused for
domestic hot water and space heating.

For more information about fuel cell
technology, go to www.eere.energy.gov/RE/
hydrogen fuel_cells.html.

Photovoltaics

Photovoltaic, or PV, systems convert light
energy into electrical energy. Many useful devices
usethistechnology, including calculators, wrist
watches, trafficsigns, raillroad signal s, battery
chargers, and water pumpsin remotearess. Ina
surprising number of cases, PV power istheleast
expensiveway of performing thesetasks.

PV systems have severa advantages:. they are
cost-effectivealternativesinareaswhereextending
autility power lineisvery expensive, they haveno
moving parts, they areinexpensiveto maintain,
and they do not pollute the environment.

PV systemsare commercialy available as
stand-alonesystems, with battery storage, with

backup generator power, with aconnection to the
local electricutility grid, or ascombinationsof
theseoptions.

A possible system in Maine might include PV
panelson the south-facing roof, with battery
storage and agenerator. During sunny days, the
PV modules quietly supply daytime energy needs
and chargethebatteries. If the batteriesrunlow,
the combustion-powered el ectric generator runsat
full power—it’ smost efficient level of operation—
until the batteriesarerecharged.

For more information about PV technology,
design, and use go to www.eere.energy.gov/RE/
solar_photovoltaics.html.

Hybrid Systems

There are many hybrid residential power
systemsthroughout the state using PV, wind, and
even micro-hydro. During sunny or windy days
and on dayswith sufficient water flow, these
hybrid systems provide daytime energy needsand
charge banksof batteries. A typical systemusually
incorporatesabackup generator for electricity on-
demand whenitisnot availablefrom the batteries.
Asthe cost of conventional fuelsincreasesand the
cost of renewableenergy equipment falls, hybrid
systemsarelikely to becomemore popular.

Advances in Heat Pumps

There are two basic types of heat pumps: those
that use the outdoor air as a source and adump for
heat (air-source) and thosethat use water
asasource and dump for heat (ground-

Source).
Air-source units have not been

economical inthecold climate of Maine
becausetheir heating efficiency dropsas

the outdoor temperature drops. Ground-

sourceunitshavehigher efficiencies

becausethe ground water temperatureis

TABLE 10
Selected Energy Star Efficiency Levels
Appliance Energy Star
Efficiency Level
Clothes washers 50%%*
Dishwashers 25%*
Refrigerators 10%*
Room air conditioners 10%*

lessvariablethantheair temperature, but

Air-source heat pumps

15-20%* (7.6 HSPF/12 SEE)

they cost significantly morethanair-

Geothermal heat pumps

2.8 COP/13 EER

sourceunits. Asaresult of thesetechnical

Boilers

6%* (85% AFUE)

and cost issues, heat pumps have never

Furnaces

15%* (90% AFUE)

energy standard as of September 2002.

*Indicates percentage more efficient than the minimum Federal

becomeasignificant spaceconditioning
optionfor residential buildingsinMaine.

However, thismight be changing.




The cold climate heat pump isan air-source
unit that claimsan efficiency level asmuch astwo
timeshigher than conventional air-sourceheat
pumps, or as much as 250 percent efficiency. In
addition, themakersof thisinnovative product
claim a 25 percent reduction in cooling costs. A
number of innovativefeaturesareresponsiblefor
theseincreased efficiencies.

Geothermal ground-source heat pump heating
systems have been in usein the Bangor area, in
bothresidential and commercial applications, since
theearly 1970’ s. These ground-source heat pumps
generally havelower operating coststhan fossil
fuel systemsand the benefit of zerolocal pollution.
Astheresidential and commercial useof this
efficient heating/coolingoptionincreases, its
biggest obstacleto use—itsinstall ation cost—
continuestofall.

Inthefuture, it is expected that acombination
of ground-source heat pump systemsand fuel cells
will provide amarriage of technologiesfor low-
cost heating and cooling systems. They also have
theadvantage, potentially beneficial torural
Maine, of providing astand-alone energy source,
disconnectedfromtheel ectricity grid.

12. Advantages of Building an
Energy-Efficient Home

Thereareanumber of advantagesto building
an energy-efficient homein Maine, evenif your
town has not adopted the Maine Model Building
Energy Code. An energy-efficient homeismore
comfortable, haslower energy costs, can qualify
for preferential financing, hasahigher resale
value, andismoreenvironmentally friendly.

Thehigher levelsof insulationresultin
warmer interior surfacesand amore consi stent
temperaturethroughout the house. Thesefeatures
result in anoticeableincreasein thecomfort for
the occupants.

Of course, the greater thelevel of energy-
efficiency, thelower themonthly energy bills.
Thisisawell known benefit of building an
energy-efficient housewith alow heating bill and
efficient appliances.

Althoughenergy-efficienthomesgenerally
cost moreto build than lessefficient ones, the
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monthly increasein mortgage costsaremorethan
offset by the decrease in the monthly energy costs.
Many financial institutionsrecognizethisbenefit
to cash flow withtheir Energy-Efficient Mort-
gages (EEMs). Qualifying home buyersmight
benefit from alower interest rate, greater borrow-
ing power, or fewer pointsat closing when using
an EEM.

Moreover, severd reliablestudieshave shown
that the resale value of ahouseincreases by
$20.00for every $1.00 reduction in annua energy
costs. Thisbenefit can add up to thousands of
dollarswhen an energy-efficient houseissold.

Finally, energy-efficient homesuseless
energy, making themfriendlier totheloca and
global environment. Thisbenefitsall of us.



Part 4. Recommended Construction
Practices

The illustrations shown on the following
pages provide examples of construction details
you may use to satisfy the Maine Model Build-
ing Energy Code. These details are not meant to
be portrayed as the only options available to
you. If you have any questions on these details,
or on specific details you are using or plan to
use, contact the State Energy Program.

1. Foundations
Foundations are often an overlooked area of
energy-efficient construction. If foundations are

not insulated to levels commensurate with the
rest of the building, they can account for as
much as 20 percent of the building’ stotal heat
loss. That is easy to understand when you
consider that an 8-inch concrete wall insulates
just slightly better than a single pane of glass.
By following the Maine Model Building Energy
Code, heat loss attributable to foundations drops
to just 5-10 percent. Today’ s energy prices
easily justify the money spent to insulate foun-
dations properly.

There are three basic types of foundations

FULL %
BASEMENT g
Insulated on exterior
to footing
SLAB-ON-
GRADE

Insulated on exterior
to frost depth

CRAWL-SPACE,

-

Insulated on interior
to footing or slab

Insulated on interior
to frost depth

s

=
=
=
5
S
=
5
=
=
5
=
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=
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All-weather
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insulated within studs

Monolithic slab,
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outward from slab
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under slab to distance
of frost depth

UNHEATED =
BASEMENT, i Pier foundation,
OR PIER ot i floor insulated
FOUNDATION L] Crawl-space L:| Crawl-space
*| outside of | inside of
thermal envelope ',.- thermal envelope
£

Figure 14. Foundation types and insulation configurations.
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commonly found in Maine, all of which can be
effectively insulated. These foundation types
and the general prescriptive insulation strategies
available for each are shown in Figure 14. As
shown in Table 1 (page 2), foundation walls
enclosing heated spaces must be insulated to at
least R-10 (R-value for the insulation only), and
the insulation must extend down to the footing.

With slab-on-grade foundations, R-10
insulation must be used in one of two configura-
tions: 1) either around the full perimeter extend-
ing down to the design frost depth, or 2) around
the full perimeter of the dab itself, and horizon-
tally or diagonally beneath or away from the
slab for adistance equivalent to the design frost
depth.

In the case of unconditioned basements or
craw! spaces, the floor above the unheated space
must be insulated to R-21.

When foundation insulation will bein
contact with the ground (on the outside of the
foundation wall or under the slab), extruded
polystyrene is recommended. It is resistant to
moisture and has adequate compressive
strength. Under the slab, specify higher density
extruded polystyreneif several densities are
available. Rigid fiberglass can also be used for
bel ow-grade applications, though the R-value
and compressive strength are somewhat lower.
To achieve R-10 with rigid fiberglass, you will
need more than 2" of thickness, probably 2-1/,",
but check the rated per-inch R-value of the
insulation.

Protection from moisture is a very important
consideration for full foundation walls, espe-
cially when the basement is to be used asliving
space. Leaks and drainage problems are very
common, particularly when the surrounding soil
drains poorly. Y ou should aways follow recom-
mended practices for preventing leaks and other
moisture problems.

On the outside of the foundation wall, a
layer of waterproof or water resistent foundation
coating should be sprayed or trowelled on.
Break off all foundation form ties and fill any
voids before applying the foundation coating to
ensure good protection.
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To help ensure that leaks do not occur in the
damp proofing layer or other areas, water should
be able to drain away from the wall. At the
surface, slope the ground away from the wall at
aminimum slope of 5 percent (6" in 10').
Against the wall, crushed stone, gravel or sand
will allow water to flow down to the footing
drain rather than build up pressure against the
wall surface.

To improve drainage, a specialized drain-
age mat may be installed between the founda-
tion and backfill (outside the insulation if the
foundation isinsulated on the exterior). This
drainage mat intercepts any groundwater or
runoff flowing toward the foundation and allows
it to quickly drain down to the footing drains
and be carried away. Moisture never comesin
direct contact with the foundation insulation or
foundation wall, so leaks are very unlikely. A
number of different foundation drainage prod-
ucts are available, including aloose woven wire
mesh with filter fabric, and a corrugated plastic
with filter fabric.

Exterior Foundation Insulation

Insulating a concrete foundation on the
exterior rather than the interior has a number of
advantages. It alows the thermal mass of the
concrete to be used in storing heat, which can be
important if passive solar heating has been
designed into the house.

Exterior foundation insulation also helps
protect the foundation wall from the effects of
thermal shock. With the insulation on the
exterior, the foundation is not exposed to as
great atemperature range over the seasons. This
also allows the basement wall to dry to the
interior if required.

When insulating a basement foundation wall
on the exterior, use at least two inches of ex-
truded polystyrene insulation from the top of the
foundation down to the top of the footing after
applying a damp proofing to the foundation.
Because the foundation wall islikely to get wet at
some time during itslife, do not install a vapor
barrier on theinterior of thewall. Thisalowsthe
wall to dry to theinterior if it does get wet.



Several different exterior foundation insula-
tion options are shown in the following illustra-
tions. In Figure 15, a2" layer of extruded
polystyreneisinstalled on the outside of the
foundation wall, extending all the way down to
the top of the footing. Apply the waterproofing
layer first, then glue therigid insulation on with
the appropriate adhesive (refer to the insulation
manufacturer’ s recommendations) or suitable
concrete nails and large plastic washers. On the

outside of the insulation, you can install a
drainage mat, as described above.

The foundation insulation must be protected
from sunlight and abrasion where it extends
above grade. Use a stucco coating, pressure-
treated plywood or a specialized hardboard
covering made for protecting foundation insula-
tion. This protective coating should extend
below grade by six inches. When using stucco
coatings, use a high quality material designed
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Figure 15. Foundation insulation for full basement with exterior insulation extending to the footing.




specifically for the type of insulation being
coated.

In general, the most difficult construction
detail is at the top of the wall where the framing
begins. In Figure 15 the band joist is insulated
on the outside. In this detail, the wall plate
extends out over the floor deck the thickness of
the insulation (2" in this case). With 2x6 walls,
3-1," of the wall thicknessis still resting on the
deck, which is adequate. With a 2x4 wall, this
detail cannot be used.

Another alternative for exterior foundation
insulation is shown in Figure 16, with awater
tabletrim piece used to extend the wall out to
cap therigid insulation. In this case, the rigid
insulation usually only extends up to the top of
the foundation wall, so the band joist must be
well insulated on the interior, as shown.

Standard foundation construction practices
are shown in these illustrations, including a
drainage layer of crushed stone under the slab,
an isolation joint at the edge of the slab for

radon control (see discussion, pages 22-24), and
perforated drainage pipe surrounded by crushed
stone outside the footing. Be sure to carefully
seal any likely air leakage areas (see pages 15-
19).

Use asaturated foam sill sealer between
the pressure-treated sill and the concrete wall.
Because the foam is open-cell, it can be fully
compressed, but at gaps where the foam is
expanded, the resin within it forms an excellent
seal.

Figure 17 shows adifferent configuration
at the band joist. Asin Figure 15, the band joist
isinsulated on the exterior with afull two
inches, but the 2x6 wall overhangs the floor
deck by only oneinch. In Figure 17 the other
inch of rigid insulation over the band joist isan
extension of exterior rigid insulation on the
wall.

Some builders and homeowners like to
install an inch of rigid insulation under the
basement floor slab aswell. Thisis not required

by the Code, but it will help to
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— R

g interior foam

2x4 Wall with batt
| _— insulation and R-8

Vapor barrier sealed
/ between joists

make the basement space more
comfortableif it isto be used as
living space and reduce the poten-
tial of condensation on the floor
sab.

Figure 17 shows several tech-
\ niques for controlling radon. The

Flashing
—+— of band joist

Insulation on inside

pipe extending through the slab

ﬁ% standpipe is a section of 4" PVC
and into the 4" layer of crushed

Water table trim ——

2" Exterior rigid
insulation

\

Grade line

\

insulation.

Figure 16. Water table trim can be used to extend the outer wall
surface out and shed rain away from the exterior foundation

1 stone. The standpipe should be set

in place before the slab is poured.
After the concrete has set, caulk
around the pipe with ahigh quality
caulk that works well with ma-
sonry; then cap the pipe. Later, if
radon is determined to be a prob-
lem, this pipe can be extended out
through awall in the basement or
up through the roof and fitted with
an in-line fan to depressurize the
sub-slab area and prevent radon-
laden air from infiltrating the
basement. At the edge of the slab,
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Figure 17. Two layers of rigid foam on foundation wall, one layer on wood frame

Drainage layer

leave al/," isolation joint between the slab and
foundation wall. After the concrete has cured,
seal this gap with backer rod and/or masonry-
compatible caulk. Whenever possible, use
poured concrete for foundations rather than
hollow block, because the poured concrete is far
less permeable to air and radon.

Interior Foundation Insulation

Although insulating basement foundation
walls on the exterior is preferred, there are
acceptable ways of insulating walls on the
interior.

Foundations insulated on the interior should
include awell installed air barrier on the inside
to keep air and its contained water vapor away
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from the cold foundation wall. However, a
vapor barrier should not be used so that the
foundation wall can slowly dry to the insideiif it
gets wet. Even if the foundation interior is
insulated with fiberglass between a studs, it is
recommended that alayer of extruded polysty-
rene insulation be installed against the interior
face of the wall basement foundation wall.

A detail incorporating interior foundation
insulation is shown in Figure 18. In this case,
the wall framing extends to the outside of the
floor deck, with the wall sheathing extending
down over the pressure-treated sill. A 2x4 wall
is constructed on the inside of the foundation
wall and insulated with fiberglass batt insula-
tion. Rigid foam insulation isinstalled between



the interior foundation wall and this framed
wall. The top of the frame wall is secured to the
underside of the floor joists, as shown. At the
band joist, insulation has to be cut and fit
between the floor joists. Thisfills the ends of
the joist cavities with fiberglass batt insula-
tion to keep heat from flowing down through
the sill and into the concrete. Add fitted
pieces of foil-faced rigid foam insulation to
the interior of the fiberglass. Thisrigid insula-

tion is caulked to the floor joists to provide a
good air barrier.

Fiberglass insulation can be installed
between the studs placed inside the concrete
wall. The insulation should be covered on the
inside with a carefully installed air barrier. Do
not install avapor retarder or barrier.

Instead of insulating the inside of the
foundation wall with fiberglass, you can
attach 2" strapping to the wall and install 2"
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Figure 18. Interior foundation insulation with insulated 2x4 studwall and rigid foam insulation against
foundation.
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rigid foam insulation between the strapping,
as shown in Figure 19. The strapping has to
be afull 2" deep to be even with the inside
face of the foam insulation. Whenever a
flammable insulation or air/vapor barrier is used
on theinside of a basement wall, afifteen
minute fire-rated material must cover the flam-
mable material. Two common materials that
satisfy this requirement are Y/," drywall and ¥/,"
plywood.

If an all-weather wood foundation is being
used, it should be built and insulated accord-
ing to American Plywood Association (APA)

specifications. The same minimum R-10
insulation levels are required. Before proceed-
ing with awood foundation, talk with a
building inspector or builder in your area who
is familiar with this construction technique.

Slab-on-Grade Foundation

There are a number of insulation options
that may be used with slab-on-grade founda-
tions. In Figure 20, a full-perimeter frost wall
isinsulated on the exterior down to frost
depth with R-10 insulation. As with the full
basement details shown previously, the 2x6
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Figure 19. Interior foundation insulation using strapping and rigid foam insulation.
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Grade slope away
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+—— Continuous air barrier

2x6 Wall with batt
insulation

foundation 2")

Moisture barrier
Slab-on-grade

4" Layer aggregate

down to the footing.

Figure 20. Slab-on-grade foundation with exterior insulation on frost wall extending

wall can either overhang the foundation, or
water table trim can be used to extend the
wall 2" out at the foundation level. Aslong as
the exterior frost wall insulation extends
down to frost level, insulation under the slab
is not required by the Code. However, if this
insulation isinstalled, it will make the floor
temperature more comfortable.

In Figure 21, 2" extruded polystyrene
insulation covers the perimeter edge of the
slab and then extends under the slab for a
distance at least as great as the frost depth.
The insulation may extend under the full slab,
but thisis not required.

As an alternative, the rigid insulation may
cover the above-grade perimeter and then
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extend diagonally outward from the frost wall
for adistance at least as great as the frost
depth.

In Figure 22, therigid insulation covers
the perimeter edge of the slab, then extends
down along the inside of the frost wall to the
footing (frost depth).

Finally, with a monolithic floating slab,
the insulation should cover the perimeter edge
of the slab/footing and then extend under the
slab for adistance equal to the frost depth, as
shown in Figure 23. As mentioned previously,
the detail for slab-on-grade construction, and
especially monoalithic slabs, R-10 insulation
must be used in one of two configurations: 1)
either around the full perimeter extending down
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Figure 21. Slab-on-grade foundation with R-
10 insulation extending around slab perime-
ter and horizontally under the slab for a
distance at least equal to the frost depth.
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Figure 22. Slab-on-grade foundation with R-10 insulation extending around slab perimeter and

then down the inside of the frost wall.
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Figure 23. Monolithic floating slab with R-10 insulation used in one of two configurations: 1) either around
the full perimeter of the slab itself to the design frost depth, or 2) around the full perimeter of the slab itself
and horizontally or diagonally beneath or away from the slab for a distance equivalent to the design frost

depth. Two options for configuration 2, Option A and Option B, are shown above. One or the other of these

to the design frost depth, or 2) around the full
perimeter of the slab itself and horizontally or
diagonally beneath or away from the slab for a
distance equivalent to the design frost depth.

Crawl Space Foundation

If the house isto have a crawl space, condi-
tioned crawl spaces are insulated using basically
the same methods used for full foundations:
with either exterior or interior insulation extend-
ing down to the frost depth. Because exterior
or interior insulation used for this purposeis
in contact with the ground, use rigid extruded
polystyrene.

Perimeter insulation of craw! spaces per-
forms better than insulating the crawl space
ceiling. The crawl spaceislikely to stay dryer
and this allows for the installation of heating
and plumbing equipment in the space.

If the crawl space areamust be cut off from
the thermal envelope by insulating the crawl
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space ceiling, the house should be sealed from
the crawl areaas well as possible. Additionally,
no heating or plumbing equipment should be
installed in the crawl space.

Because most houses built in Maine have a
high likelihood of airborne radon, sub-slab type
ventilation is recommended for crawl spaces.
The air can be pulled from under a sealed
polyethylene ground cover instead of afloor
sab, asit would be in a basement.

2. Floors over Unheated Spaces

Although it is preferred to include base-
ments and craw! spaces within the thermal
envelope of the house, thisis not appropriate for
some houses. Figur e 24 shows atypical detail
for afloor above an unheated crawl space. The
Maine Model Building Energy Code callsfor a
minimum of R-21 for floors over unheated
spaces according to the prescriptive require-
ments.




An air barrier should be installed on the
warm side of the floor. It is aso recommended
that an air barrier be provided by rigid insulation
installed over the bottom edges of the floor
joists. Taping or sealing the joint will provide
another air barrier and prevent wind washing of
the fibrous insulation in the floor joist cavities.

The fiberglass floor insulation can be held
in place with wire, strapping or by other
appropriate methods. If using kraft faced
fiberglass, the facing must be installed up-
ward, toward the heated space.

When planning a ceiling above a basement,
think about whether the basement might be

finished off asaliving areain the future. If
so, it might be worth spending the extra
money during construction to insulate the
space asiif it were heated.

If operable vents are installed in the crawl
space, you need at least an 8" x 16" vent for
every 350 ft2 of crawl space floor area, with a
minimum of two vents for adequate cross-
flow. The vents should have screens and
covers so that they can be closed during the
winter months. Please see page 30 for a
discussion about the usefulness of crawl space
vents. To keep moisture from seeping up from
the ground, place a sheet of 6-mil polyethyl-

|_—" Continuous air barrier must be

2x6 wall with kraft faced
insulation providing vapor redarder.

provided by another material.
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Figure 24. Floor insulation (R-21 minimum) over an unconditioned crawl space or basement.
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2x6 wall with total
insulating value of R-21
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between joists
(R-21 minimum)

A5

Band joist

Floor Joists

Carrying beam ——

Plywood soffit
(unsealed)

| Concrete pier

Figure 25. Pier foundation with expanded polystyrene insulation fitted between floor joists.

ene on the ground, and fasten it (thereisno
need to seal it) to the frost wall 6 inches up
above the ground level. If the crawl spaceis
to be used at all, protect the plastic with
single-coverage rolled roofing.

If the house is to be built on piers, the
same insulation details can be used as with a
crawl| space, except that the floor joists should
be covered on the underside because they will
be more exposed to the elements. The insula-
tion can be either fiberglass or rigid insula-
tion, as long as the total insulating valueis at
least R-21. Use of rigid insulation is shown in
Figure 25. With fiberglass batt insulation, it
generally makes sense to completely fill the
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joist cavity, even though it will provide more
than the required R-21.

Overhanging floors must also be insulated
to at least R-21. A typical detail with 2x10
joists and 2x6 wallsis shown in Figure 26. In
this case, R-30 fiberglassis used, filling up
the entire joist cavity. Sealed and taped rigid
insulation should then be installed just below
the joists before the finished material isin-
stalled. Blocking should be installed close to
the inside of the lower wall; insulation is
installed in the overhanging floor to the
blocking. Caulk the blocking where it rests on
the wall top plate, where it abuts floor joists,
and where the subfloor above rests on it.




2x6 Wall with batt
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uninsulated floor cavity.

insulation
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Y — Drywall
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insulating value must be
at least R-21. Air barrier

J |

Figure 26. Overhanging upper floor in raised ranch house. Particular care is required at the transition to the

Install an air barrier on top of the subfloor of
the overhanging section and on the inside of
both exterior walls.

3. Walls

Exterior walls must be insulated to a mini-
mum of R-21 in order to comply with the Code.
The most common technique for achieving this
isto build the exterior walls with 2x6s rather
than 2x4s and insulate with R-21 fiberglass
batts. Other cavity-fill insulation may be used if
it has at least an R-21, as shown in Figure 27.

Because 2x6s offer greater strength than
2x4s, you have the choice of framing at 24" on
center (o.c.) rather than at 16" o.c., whichis
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required with 2x4 walls. Even with 2x6s, some
builders prefer to use 16" o.c. so that Y/," dry-
wall will feel more solid. Other builders frame
at 24" o.c. and use 5/8" drywall.

If you choose to build with 2x4s, the Maine
Model Energy Building Code can be met by
adding alayer of rigid foam insulation on either
the inside or the outside of the studs, as shownin
Figure 28. If you use standard fiberglass batts
providing R-11, the rigid insulation must be at
least R-10 for example, 1 Y/," of poly-
isocyanurate insulation or 2" of extruded poly-
styrene.

An important question is whether to put
rigid foam insulation on the inside or the outside
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Figure 27. Standard R-21 wall section using 2x6 studs and cavity-fill
fiberglass or cellulose insulation.

Sheathing

Siding

2x6 wall with
R-21 insulation

of the framed walls. By
installing the foam on the
inside, the foil facing can act
asthe vapor barrier (aslong
as the edges are properly
taped). Those who prefer the
rigid foam on the outside
argue that it provides amore
complete barrier to heat loss,
uninterrupted by interior
partition walls where they
connect with the exterior
walls. However, this approach
raises several issues.

Putting foam insulation
on the outside, particularly if
itisfoil-faced, will work as
long as there is no vapor
barrier installed on the warm
side of the wall. However, a
vapor retarder such as kraft
facing in fiberglass or vapor
retarder paint should be used

Continuous
air barrier

Drywall —

Figure 28. Rigid foam insulation can be installed on the inside or outside of the wall. While putting it on the
outside is more common, more and more builders have begun putting it on the inside for various reasons.
With a layer of rigid foam, the R-21wall insulation requirements can be satisfied with a 2x4 wall.
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onthewarm side. To
provide adequate
racking strength with
exterior foam insula-
tion, either uselet-in
metal bracing (when
the foam isinstalled
directly against the
studs), or install the
plywood sheathing
against the studs and
the foam to the outside
of the sheathing.
With rigid foam
insulation on the
exterior, thereisalso
some concern about
damage to the siding.
High rates of expan-
sion and contraction
during the daily cycles

Exterior rigid

against studs

Exterlor rigid

installed over

screen

Air space
and high temperature [ \
buildup may weaken K e Ca
wood siding and SRS
reduce the durability of Screening 1o keep E0R G
out insects

paints. For this reason,
when using exterior
foam insulation, it is
strongly recommended
that vertical strapping
be installed under the

2x6 Wall with let-in
bracing on exterior
to provide racking
strength

Continuous

Insulation Installed

plywood sheathing

vertical strapping to
provide vented rain

air barrier

——— Drywall

Subfloor

/ \
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Figure 29. Vented rain screen detail to provide ventilation behind siding.

—

siding to provide a

channel for air flowv—sometimes called a
vented rain screen—as shown in Figure 29.
The air space should be screened at the top and
bottom. This vented rain screen also prevents
driving rain from penetrating into the interior
portions of the wall cavities.

When only cavity-fill insulationisused in
the wall system, a considerable amount of heat
islost through the studs. For this reason, it
makes sense to plan corners and interior
partition wall intersections carefully. Figure
30 shows corners and partition wall intersec-
tions that result in a minimum of bypass heat
loss through the wood. Three studs make up
the corner detail, providing a complete nailing

base for drywall and plywood sheathing. Most
importantly, you don’t end up with a hidden
pocket that is difficult or impossible to insu-
late after sheathing isinstalled.

Where 2x4 interior partition walls inter-
sect with exterior walls, a 2x6 can be placed
sideways, centered on the 2x4 wall. This
option provides a 1" nailer on both sides of
the 2x4 wall for drywall and does not produce
a hidden pocket in the exterior wall that is
difficult to insulate (see Figure 30). This
technique also uses one less stud than conven-
tional partition-wall intersections use.

The details used at the bottom of the first-
floor wall will depend on the foundation
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Figure 30. With exterior wall corners and intersections with interior partition walls, eliminate pockets
that will be hard to insulate once the exterior sheathing is installed.

insulation configuration. Refer back to the
foundation section (page 39) for appropriate
details.

Where upper floorsintersect with exterior
walls, the band joists also need to be insulated.
Either fiberglass batts or blocks of rigid foam
insulation (or both) can beinstalled against the
band joist between the second-story floor joists,
as shown in Figur e 31. Make sure that the details
for thiswork include agood air barrier between
the indoors and outdoors.
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If rigid foam sheathing is used on the
outside of the wall, you do not need as much
insulation on the inside of the band joist, as
shown in the bottom illustration of Figure 31.
Because of the possibility of moisture prob-
lems, do not install foil-faced foam on both the
outside and inside of the band joist. If the
exterior walls are being insulated with wet-
spray cellulose or another spray-in-place
insulation product, these joist spaces can easily
be insulated at the same time.
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Figure 31. The band joists for upper floors must be insulated to eliminate bypass heat leaks. Several

When constructing headers over windows
and doors, allow for insulation between the
framing members, as shown in Figure 32. The
space between the two headers can be filled
with batt or rigid insulation. If rigid insulation
is used, the headers can be prefabricated
(depending on the header span and structural
loading, the headers may need to be solid
wood, allowing no space for insulation).

Be sure to leave Y/," inch at the window and
door rough openings to accommodate foam
sealing around the window and door jambs (see
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discussion on installing windows and doors,
page 65).

4. Roof Details
Insulated Flat Ceilings

The Code callsfor ceilingsto beinsulated to
R-38 or R-49. This requirement applies to both
flat cellings beneath unheated attics and sloped
celings.

With unheated attics, when the flat ceiling is
to beinsulated, providing R-38 isrelatively
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Fiberglass or rigid
foam Insulation
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Continuous
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(leave 1/2" all the
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for proper sealing of
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Figure 32. Headers over windows and doors should be insulated. If cavities are left uninsulated at the
time of framing, don't forget to go back and insulate them later.

easy. If loose-fill cellulose or fiberglass are
being used, a 12" nominal thicknessis required

(if R-49 isrequired, other options must be used).

Because the full depth of insulation cannot be
installed at the roof edge wheniitisframed in
the conventional manner (see Figure 33), the
Code allows the insulation to be reasonably
compressed at the eaves.

If you modify the roof framing, however, it
will not be necessary to compress the insulation
at the eaves. As shown in Figures 34 and 35,
the rafter bottoms can be raised and cut to fit
onto arafter plate on top of the celling joists,
rather than resting directly on the wall top plate.
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This technique provides enough space for both
full-thickness R-38 insulation and an air channel
above the insulation. Depending on the thick-
ness of the ceiling joists, the loose-fill or batt
insulation may come up to the top of the joists
or may fully cover them. If relatively small
joists are used, make sure someinsulation is
placed over the upper rafter plate.

If you are using loose-fill cellulose or
fiberglassto insulate the flat celling, install a
baffle to keep the insulation from falling down
into the soffit where it can restrict air flow into
the soffit vents. Even with batt insulation, a
baffle isagood idea because it will help reduce



air flow through the insula-
tion—wind washing—which
can reduce its effective R-
value. For the baffle, you can
nail sections of plywood to the
wall sheathing between the
rafters to contain the insula-
tion, as shown in Figure 35, or
use rigid insulation to accom-
plish the same effect.

If 2x12 or 2x10joistsare
used, a baffle may not be
necessary—the rafter plate and
wall sheathing should ad-
equately contain the insulation
and prevent wind washing. If
there isthe chance that the
insulation will completely fill
the space under the roof sheath-
ing near the eave (unlikely with
the raised rafters), vent spacers
should beinstalled against the
roof sheathing at the eave area.

If using roof trusses for
insulated flat ceiling systems,
you can solve the problem of
compressed insulation at the
eaves in one of two ways,
shownin Figure 36. You can
specify either raised-heel
trusses or cantilevered
trusses, which extend out over
thewalls. (The insulation depth
achievable at the edge of the
wall depends on the roof pitch
and extent of overhang.) With
raised-heel trusses, you may be
able to extend the wall sheath-
ing all the way up to the rafter
chord of the truss, as shown.

Insulated Sloped Ceilings
Achieving R-38 or greater
with insulated cathedral
ceilingsis more difficult than
it iswith flat ceilings. Depend-
ing on the rafters used, you
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Insulation
compressed at
eaves
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1

Conventional rafter

Conventional truss
construction

Figure 33. With the conventional approach to roof framing, insulation at
the roof edge is compressed and loses some of its insulating value.

Rafters held above
wall top plage

NOTE: Band |oist
generally required
(not shown)

Figure 34. A better approach for unheated attics is to raise the rafter
tails by setting them on an upper “rafter plate” rather than directly on
the wall top plate. In this way, insulation at the roof edge does not have
to be compressed. Check local codes for proper fastening of rafters to
floor joists.
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may need to use a combination of batt insulation
and rigid foam insulation.

In the simplest complying roof (shown in
Figure 37), rafters are used with fiberglass batt
insulation compressed to fit snugly against vent
spacers under the roof sheathing. The vent
Spacers are necessary to allow air flow up along
the roof sheathing from soffit to ridge vents. In
thisdetail, blocking is cut and installed between
the rafters against the top wall plate to hold the
insulation in place and funnel the air up over the
insulation. The blocking or baffleis very impor-
tant, even with batt insulation, because it keeps
the air from flowing through the insulation. This
airflow reduces the effective R-value and may
cause moisture problems. The blocking or baffle
should extend up to the vent spacers.

If you are using rafters smaller than 2x12,

you will need to add additional insulation to
meet the required R-38 or higher. While false
rafters and batt insulation can be used to bring
theinsulation level up to R-38, the most com-
mon strategy isto use alayer of rigid insulation
on the inside of the roof/ceiling assembly. When
using 2x10s and R-30 fiberglass or cellulose, the
Maine Model Building Energy Code callsfor at
least an additional R-8. An inch and one-half of
poly-isocyanurate insulation will provide this, as
shown in Figur e 38. With lower R-valuerigid
insulation, such as extruded polystyrene, you
will need and additional two inchesto achieve
an R-38.

To achieve atrue R-38 or higher in an
insulated sloped ceiling without compressing R-
38 batt insulation (and thereby reducing its R-
value), you will need to use a deeper rafter.

Insulation

extending over

rafter plate
Baffle to keep
insulation out
of soffit and to
prevent wind washing

Full-thickness Rafter plate
ceiling =
insulation s
/ Soffit vent
Drywall —] s

Exterior sheathing

Figure 35. Raising rafter tails is particularly important with smaller ceiling joists. As shown, insulation can
be placed on top of the rafter plate to maintain full thickness. With loose-fill insulation, a baffle may be
required to keep insulation out of the soffit.
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Full-thickness
insulation out to
wall edge

Wall sheathing
extends up to top
chord of roof truss

-

Full-thickness
ceiling insulation
(some compressing
may be required at
eaves depending on
roof pitch)

Raised-heel truss

......
------
......
------
------

Figure 36. Cantilevered and raised-heel trusses allow you to achieve adequate insulation levels at the
eaves. Check with your truss supplier about designs that will suit your needs.

Standard roof truss
cantilevered over
wall

Some contractors are using laminated wood | -
Joists. These are available up to 16" deep andin
lengths up to 28 feet. Because of their construc-
tion, they arefar stronger than solid wood rafters,
and they are much lesslikely to warp or twist.
While their primary useis asfloor joists, some
builders of very well insulated homes use them
for raftersaswell. A detail using 14" I-joists as
rafters with full-thickness R-38 insulation is
shown in Figure 39. This method provides afull
2" ar channel above the insulation as shown in
the cross-section detail. If using this type of
product, follow the manufacturer’ s recommen-

dationsfor installation, blocking, site storage
and handling. While very strong when loaded on
edge, |-joists are very weak when flat. Moving a
long I-joist improperly could causeit to break.

Another aternative that allows you to use
full-thickness R-38 batt insulation isto install
raised-heel scissor trusses, as shown in Figure
40. While the ceiling pitch will generally be
shallower than the roof pitch with this system,
most homeowners find it satisfactory. Check
with your truss manufacturer for scissor truss
options.

The best strategy for effective ventilation is
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Alr space under
sheathing provided
by vent spacer

Vent spacer

One option for
blocking at eave

Roof sheathing

Soffit vent

JYULI

Exterior sheathing

Figure 37. With cathedral ceilings, it can be challenging to comply with the Code. Before you start building,

make sure your ceiling/roof design complies.

¥

Total insulation
R-value must
satisfy Code
requirements

Drywall

Continuous
air barrier

Drywall

2x6 Wall

to provide continuous soffit and ridge vents.
Soffit vents are generally built by providing two
separate soffit boards with a2" gap, spanned
either with screening or a specialized metal
soffit vent, as shown in Figure 35.

The general rule for roof ventilation isto
provide one square foot of combined inlet and
outlet vent area for every 300 ft? of sloped or
flat insulated area. Refer to the compl ete venti-

lation discussion on pages 28 to 30 for more
information on venting and cal culating the
required vent areas. Gable-end vents, though not
as effective as a continuous ridge vent/soffit
vent combination, are aviable aternative. If
using aridge vent, buy one of the commercially
available products that effectively blocksrain,
snow and insects.

The most difficult roof ventilation details are

60



Total insulation
R-value in roof
must comply
with Code

Vent spacer
Rigid foam insulation

may also serve as
air barrier and vapor

Roof sheathing retarder

Drywall and
continuous
air barrier

Exterior sheathing

Figure 38. With cathedral ceilings, it can be challenging to comply with the Code. Before you start building,
make sure your ceiling/roof design complies.

those around roof windows and at roof valleys allow air to flow primarily upward aong the roof
and hips. To ventilate the rafter bays around roof sheathing. Look for vent spacersthat provide
windows, the best optionisto drill 1" holes near lateral aswell asvertical air flow.

the upper edge of the rafters, both above and At rafter hips and valleys, the best option is

below the roof windows, as shown in Figure 41. to use hip and valley rafters that do not extend
Though not as effective asafull air space at the all the way up to the tops of the other rafters.
top of the rafter cavity, these holeswill allow By leaving a one-inch gap at the top of these
some lateral air flow into adjacent rafter cavities. rafters, as shown in Figure 42, air will be able
Unfortunately, most vent spacers are designed to to flow into adjacent rafter cavities, making its
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14-inch manufactured
|-Joist rafter with
batt insulation

2x4 Web stiffener
(see I-Joist
manufacturer's
recommendations)

16" On-cenler
strapping (often a
good idea with
I-joists 24" o.c.)

Continuous
air barrier

Plywood
baffle

Drywall

Continuous
air barrier

Exterior foam
insulation

Vent spacer
2x6 Wall (optional)

l-Joist web

/ . =4

-

-

/ Drywall

Figure 39. For true R-38 or higher in cathedral ceilings, you can use laminated wood “I-beams” for rafters.
The 14" I-joists shown allow 12" insulation to be used without compressing, even with a 2" air space under
the roof sheathing. Make sure your design complies with the Code.

way up to the ridge vent area. To achieve this, Because many building scientists feel that
hip or valey rafters can be constructed so that roof ventilation is not always necessary, many
their bottom edges are flush with the bottom insulation contractors are installing dense-
edges of the rafters abutting them. Because the packed cellulose insulation into roof/ceiling
abutting rafters are cut at an angle, a space will cavities, leaving no space for ventilation (see
be left at the top of the hip or valley rafters. page 30 for more details). This practiceis
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Scissor truss for
high-insulation
cathedral cellings

l Up to R-60
' batt or blown
< insulation

Continuous
air barrier

Exterior sheathing

Figure 40. Raised-heel scissor trusses can be used to allow very high levels of insulation with cathedral
ceilings — up to R-60.

apparently working well, resulting in auniform 5. Structural Insulated Panel Sys-
R-value and no long-term moisture problems. In - tems
addition, the cellulose insulation in a dense- Structural Insulated Panel Systems (SIPS)
packed state acts asagood air barrier. If this have emerged as aviable alternative to the
method is used, it isimportant to control relative  standard practice of framing and insulating
humidity within the house during thewintertoa  walls and roofs. When properly installed, these
level of 35 percent or |ess. one-component panels offer both high insulation
values and low air leakage.
SIPSwerefirst used in residential construc-
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tion for enclosing and insulating timber frame
houses. In this application, panels are installed
on the outside of the frame, fully enclosing it
with the insulated wall or roof system (see
Figure 43). SIPS for timber frame buildings
generally have an inner skin of drywall, acore
of rigid expanded polystyrene (EPS) or polyure-
thane foam, and an outer skin of plywood or
oriented strand board (OSB). When secured to
the frame, the panels provide a nearly finished
inner wall surface and exterior sheathing, ready
for siding or roofing. Varying thicknesses are
available, providing R-values from R-15 to R-
40.

More recently, SIPS have been used in
“frameless’ houses, where the panels provide
the necessary structural envelope, aswell asthe
insulation system. In this application, the panels
are often called structural panels. Plywood or
OSB is used as both the inner and outer skin of
the panels. Structural splines are used to join the
panels, with wall and roof sections held together
by floor joists, rafters and other structural

Rafter valley held
down to allow air
space at top for
ventilating rafter
bays feeding into it

\ |Hlp rafter

Jack rafters

Figure 42. Roof hips and valleys can be difficult to
properly ventilate. One effective strategy is to use
shallower hip and valley rafters, leaving an air

space under the roof sheathing at those places.

Roof window header

Holes drilled
through rafters
near top

Figure 41. Holes can be drilled at the upper edge
of the rafters to ventilate the rafter cavities above

and below roof windows.

components, as shown in Figur e 44. Because
the inner skin of structural panelsis plywood or
OSB, alayer of drywall must beinstalled to
comply with fire codes. Because of the large
open spans achievable, however, drywall appli-
cation can generally be done before interior
partition walls are built, greatly ssmplifying the
drywall installation and finishing.

With structural insulated panels, manufac-
turers generally provide either ready-to-erect
kits or fully erected shells, ready for finishing.
Each manufacturer hasits own specific installa-
tion guidelines and details for joining and
sealing panels, which must be followed. Sealing
between the panels with foam sealant is particu-
larly important for the prevention of heat loss
and moisture migration through the wall or roof.

As mentioned above, both EPS and polyure-
thane-core panels are available. Each has its
advantages and disadvantages. Check with
manufacturers for specifications.

Building with SIPS can keep labor costs
down and enable houses to be erected and
closed in very quickly. Greater energy effi-
ciency is often achieved with SIPS houses
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Figure 43. Structural insulated panels (SIPS) are often used to fully enclose and insulate
timber frame buildings. The panels provide an all-in-one wall and roof system.

compared to conventional homes with compa-
rable R-values. Thisresults from the lack of
bypass heat |oss through framing members and
the increased air tightness that can be achieved
with SIPS.

6. Installing Windows and Doors

As mentioned previously in this manual,
energy-efficient windows and doors provide one
of the best opportunities for complying with the
Maine Model Energy Building Code. Windows
are available with overall insulating values up to
R-4.0, and exterior doors are available that
insulate to R-6. Minimizing heat |oss through
windows and doorsis not solely a question of
which model you buy; it a'so depends on the
quality of installation. Air leakage around
windows and doors often accounts for more heat
loss than the heat being transmitted through the
surface of the units.

Always follow window and door manufac-
turer’ sinstructions when installing the units.

Specific details may vary from one manufac-
turer to another and from one style to another.
The key to tight installation of windows and
doors s sealing between the jamb and the rough
opening. While fiberglass insulation can be used
here, it does not provide an air seal. Foam
sealant provides the best seal, and it provides a
good R-value. Choose alow-expanding foam
sealant; they are not as likely to bulge window
or door jambs as the high-expanding foam.

When sizing the rough opening and install-
ing the window or door, make surethereis
enough space between the jamb and rough
opening to insert the nozzle for the foam sealant
(3/g" to ¥,"). Apply a continuous bead of foam
sealant in the gap, working from the outside to
the inside, welding the jamb to the jack studs,
header and sill (see Figure 45). Apply the foam
in several beads, allowing the foam to cure
between applications (usually a minimum of
one-half hour).

Operable windows and doors should always
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Figure 44. With structural insulated panel system (SIPS) construction, panels with OSB on both sides are
Joined together with splines. Because of the stength of SIPS, there is no “framing” required.

Panels sealed at
ridge

Wall/roof
connection

-

Rough openings
framed with 2x4s

be purchased pre-hung to achieve the greatest
tightness. Always flash windows properly with
house wrap or other appropriate materials. It is
likely that during the service life of awindow or
door unit that some water leakage will occur.
Flashing units properly on al sides so that water
drains away will prevent any water damage.

As an additional measure to ensure tight-
ness, interior window and door casings can be
caulked in place. Apply abead of high quality
caulk on the interior jamb edge and on the
drywall where the casing will sit. However, if
the window or door jamb has been properly
sealed elsewhere, caulking is not required.

7. Other Measures to Reduce Air

Leakage

Keeping natural air leakage to a minimum
in new construction requires careful attention to
details throughout the construction process.
Framing should be done carefully to ensure tight
fits. Use high quality air sealing products as
described in this guide. A number of particularly
troublesome air leak locations and the recom-
mended practices for sealing them are shown in
Figures 47 through 52. More comprehensive
references on how to seal houses areincluded in
the Appendix E.
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8. Commissioning

The commissioning process has been a
routine part of commercial construction for
years. It isagood ideato make it a part of
residential construction today.

Commissioning is the process of ensur-
ing—by testing—that the building and al its
systems (heating, venting, cooling, electrical,
etc.) are functioning as intended. The com-
missioning can be done by the designer, the
contractor, or another competent person. At a
minimum, the commissioning process should
include:

» Testing the building envelope for

leakage;

» Testing the ductwork for leakage;

» Testing air pressures in the building under
all operating conditions;

» Testing to ensure that all combus-

tion appliances vent properly under all

operating conditions,

» Testing for carbon monoxide

from al combustion appliances; and

» Testing and confirming proper operation of
all heating, ventilating and air conditioning
equipment.

This important process means healthier and
higher quality houses, enhances the reputation
of the builder, and ensures that the home buyer
is getting what they have paid for.
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Figure 45. Carefully seal around windows.




26-gauge
galvanized

combustible
sealant

Figure 46. Chimney penetrations through insulated
ceilings and roofs can be very tricky to properly
seal. Leave an air space next to the chimney and
seal above and below the penetration with 26-
gauge galvanized steel and noncombustible
sealant.
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Figure 47. Metal flue penetrations should also be
sealed with sheet metal and noncombustible
sealant. Use specially-made insulated metal flue
sections for floor penetrations.
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Blocking

\

Figure 48. Install ceiling-mounted lighting fixture receptacles on
blocking between rafters below the air barrier. Seal the wiring
penetration with caulk.

] Attic hatch
4
Inner lid

Rigid

foam

insulation

\
Foam

| B— gasket

Figure 49. Carefully insulate and weatherstrip attic hatch covers,
or eliminate them altogether by providing an access door from the
outside through a gable end. The illustration shows one way to
add an extra layer of rigid insulation—mounted on plywood
beneath the hatch cover.
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Figure 50. Bathtubs and showers
can allow considerable air leakage if
they are mounted directly against
open stud cavities. To solve this
problem, install 1/2" plywood against
the studs where the tub or shower
will be installed, sealing the edges
with foam gasketing or caulk. Above
the unit, install 1/2" drywall, caulking
the plywood-drywall joint. Then
cover that layer and the tub/shower
flange with a second layer of drywall
and caulk the tub lip.
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Figure 51. If a deck is cantilevered
out over the wall by extending floor
joists, be especially careful about air
leakage. Install blocking between the
joists, as shown, and seal the
blocking to the joists, the top wall
plate and the subfloor above. Install
overlapping sections of flashing to
shed rain.
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Appendix A
Heat Loss Calculations

Determiningabuilding’ sheatingloadisimportant
for anumber of reasons, including Szing hegting
systemsand cd culaing annua heatingloads(if you
want to determine how much oil, gasor wood is
required for the hesting season, for example). To
cdculaehesat |oss, you should start by measuring the
areasof dl thedifferent componentsof thebuilding
envelopeand cd culating theheat losscoefficient (U-
factor) of each of thoseareas. Organizetheinformation
in aworksheet such asWorksheet A on page 74. If
thereareseverd typesof wallswith different R-vaues,
youwill need onelinefor eechtype. If severd different
building componentshavethesametota R-vaues(for
example, thefloor over an unheated crawl spaceand an
insulated cathedra celling), you cancombinethese
areasonto onelineontheworksheet.

For Worksheet A, caculatethe U-factor for an
assembly part of thebuilding by adding uptheR-
vauesof each component. Refer toachart of R-
vauesof building materids, such astheoneshownin
Appendix B (morecompleteR-vauelisingsare
availableinmany publications). Inwallsand ceilings
wheretherearesiuds, joigtsor raftersalongwiththe

insulation, theaverage R-vad ueshould take both the
insulation areaand thewood framing areainto account.
For sud wallswiththestuds 16" on center (0.c.), the
sudscomprise20% of thewdl areaand thecavities
80%. For agtudwadl 24" o.c., the studscomprise 15%,
andthecavities85%. For raftersandjoists assumethat
16" o.c. framing comprises 15% and the cavities85%.
Fora24" o.c.floor, ceiling or roof, theframing com-
prises10% and the cavities 90%.

TheR-vaduesof asample2x6wal sygemwith
exterior rigidfoaminsulationareadded upin TableA
below. Two columnsare used to account for thelower
insulation va uethrough thestuds. Component R-
vauesarelisted and then added together. Thesearg, in
turn, multiplied by thestudratiomultipliersand thetwo
resultsareadded, asshowninthetable Theoverd| U-
factor isfound by dividingtheR-vdueintoone (U=1R).

Thistota corrected U-factor isentered onto
Worksheet A and multiplied by themeasured areafor
that wall component. Complete theworksheet by
caryingoutsamilar caculaionsfor therest of the
building assemblies Withwindowsand doors, you
may beabletouseU-factorssupplied directly by
meanufecturers.

Table A

Cavity R-value
Wall Component R-value through Studs
Insideair film .68 .65
1/2" Drywall 45 45
Fiberglass batt insulation 19.00 0.00
2x6 studs 0.00 6.90
1/2" plywood sheathing .50 .50
1" Extruded polystyrene 5.00 5.00
1/2" bevel siding .81 .81
Qutside air film A7 17
Total R-Value 26.61 14.48
Stud Ratio Multiplier x.8 X.2
Total Corrected R-value 21.288 +  2.896

= 24.184
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Foundations can be adifficult part of heat |oss
calculations. Accuratefoundation heat |oss
cal cul ations depend on many variables, including
soil type. For aquick heat loss calculation for a
full basement, you can dividethe foundation into
above-grade and bel ow-grade areas. For the
above-grade part, smply add up thetotal R-value,
as described previously. For the below grade
portion, add up the component R-values and
multiply thetotal R-valueby 1.5totakeinto
account the reduced heat | oss through the ground.
Enter each on Worksheet A, below. Thiswill
provideaconservative estimate of total founda-
tion heat loss, and it should sufficefor most
heatingload determinations.

With sl ab-on-gradeconstruction, adifferent
calculation procedure should be used. If theslab
isinsulated according to the Maine Model Energy
Building Code (insul ation covering the perimeter
of the slab and extending horizontally under the
dab), the R-value you should usein the heat loss
cal cul ations depends on the thickness of the
insulation and the area of the dlab. With extruded
polystyreneinsulation, you can usethe graph
below to determinethe"equivalent” R-value of
theentireslab.

By adding up al the heat loss (U x A) values
on Worksheet A, you obtain the total surface heat
loss through the building envelopein Btu/°F hr.

Y ou still need to determine the heat |oss caused
by air leakage. To make this calculation, you need
to calculatethetotal conditioned, above-grade
volume of the house, and then assign anumber
for air tightnessin air changes per hour (ACH).
Theair tightness can be measured with a blower
door, or it can be estimated. By building to
Maine' sModel Energy Building Code, theair

TableB
Annual Heating Degree-Days
Augusta 7826
Bangor 8220
Caribou 9770
Eastport 8246
Lewiston 7690
Millinocket 8533
Portland 7570
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exchange rate will be between 0.4 and 0.1, with
an average figure of 0.3 ACH. Calculatetheair
exchanged every hour by multiplying thetotal
volume by the ACH estimate. Fill in Worksheet
A withthisinformation.

Onceall theinformation isput into Worksheet
A, thetotal heat |oss numbers (UxA) can be
added to arrive at the building'stotal heat loss
coefficient in Btu/°F hr. (see number 1 onthe
bottom of Worksheet A on page 74. With that
number, you can easily compute either hourly
heating load for sizing heating systems, or total
heating requirementson ayearly basis. To com-
pute hourly heating load using Worksheet A, plug
invaluesfor the heating outdoor design tempera-
ture (see Table D) and inside temperature, and
multiply theresultingtemperaturedifferencesby
the building's heat |oss coefficient (see number 2
on the bottom of Worksheet A on page 74). This
yieldsthe amount of heat output required from the
heating systemto maintainthedesiredinside
temperature (70°F) when the outside temperature
isthe heating design temperature.

To calculate heating requirementsfor afull
year, we need to use heating degr ee day infor-
mation (Table D). Degree-day numbersare used
by fuel companiesto determine when they need
to make deliveries. Each day, the high and low
temperatureisrecorded and averaged [(high +
low) + 2)]. If that average isbelow 65°F, the
differenceisthe number of degree daysfor that
day. Yearly degree days are calculated by adding
these numbersfor theyear. In Maine, annual
heating degree-days range from 7,000 to 10,000.
Vauesfor several citiesare shownin Table B.
Use Worksheet A to compute the annual heating
load (see number 3 on the bottom of Worksheet A
on page 74).

TableC
Heat Content of Common Fuels
Fuel Source Btucontent
Heating oil 139,000 Btu/gallon
Natural gas 1030 Btu/cubic foot
LPgas 91,600 Btu/gallon
Mixed hardwood 24 million Btu/cord
Electricity 3412 Btu/kWh




Thereisstill onemorestep in determining
annual fuel use: converting Btusto quantity of
fuel. In Worksheet A, plug in valuesfor the heat
content of your fuel (Btu/gal for oil; Btu/ccf for
natural gas, Btu/cord for wood, etc.) and the
efficiency at which itisburned. Refer to TableC
for the heat content of common fuels. Heating
systemefficiencies(Annual Fuel Utilization
Efficiency) can be obtained from equi pment
manufacturersor dealers (see number 4 onthe
bottom of Worksheet A on the next page). Note
that thisvalueisan estimate only, annual heating
requirement and fuel usemight vary significantly
fromthisvalue.

TableD

Heating Outdoor
Design Temperature (97.5%)

Augusta -3
Bangor -6
Caribou -13
Eastport -4
Lewiston -2
Millinocket -9
Portland -1

Waterville -4




Assumptions (fill in):

Airchanges per hour (ACH)
Heating outdoor designtemperature (97.5%, Table D)
Inside designtemperature
AT (inside design temp. — heating outdoor design temp.)
Average annual heating degree-days (HDD, Table B)

WORKSHEET A

Heating Load Calculations

HDD Correction factor (C,), (Use 0.62for 7000 HDD, 0.69 for 8000 HDD, and 0.67 for 9000 HDD)

Heating system efficiency
Fueltype andheatcontent(Table C)

Building Envelope Surface Heat Loss:

Building U-Factor Net Area  _ Heat Loss Coefficient
Assembly Part (Btufft?, °F hr) (ft2) - (Btu/°F, hr)
Total
Air Leakage Heat Loss:
Air changes House Volume x .018 Heat loss coefficient

per hour (ACH)

(ft)

(Btu/ft, °F hr)

(Btu/°F, hr)

1. Total Heat Loss Coefficient (Btu/°F hr)

(Total surface loss plus air leakage)

2. Heating Load at Heating Design Temperature (Btu/hr)

(Total heat loss coefficient x AT)

3. Total Annual Heat Requirement (Btu/yr)
(Total heat loss coefficient x 24 x HDD x C,)

[rough estimate]

4. Total Fuel Requirement (gallons oil/yr, gallons Ip gas/yr, ccf gas/yr, or cords wood/yr)
(Total annual heat needs + (heating system efficiency x Btu content of fuel/unit)) [rough estimate]




APPENDIX B
R-Values of Common Building Materials

Material

R/Inch R/thickness

Material R/Inch

R/thickness

Insulation Materials
Fiberglass

Batt

Blown
Rock Wool

Batt

Blown
Cellulose

Loose-fill (blown)

Wet-spray
Icynene
Vermiculite
Rigid Fiberglass (<4 Ib/ft®)
Expanded Polystyrene (beadboard)
Extruded Polystyrene
Polyurethane (foamed-in-place)
Polyisocyanurate (foil-faced)

Construction Materials
Concrete Block 4"
g
12"
Brick 4" common
4" face
Poured Concrete
Soft Wood Lumber
2" nominal (1-1/2")
2x4 (3-1/2")
2x6 (5-1/2")
Cedar Logs and Lumber

Sheathing Materials
Plywood/Waferboard
1/4"
3/8"
1/2"
5/8"
3/4"
Fiberboard
1/2"
25/32"
Fiberglass (3/4")
1"
(1-1/2")
Extruded Polystyrene (3/4")
1"
(1-1/2")
Foil-faced Polyisocyanurate (3/4")
)
(1-1/2")

Siding Materials

Hardboard (1/2")

Plywood (5/8")
(3/4")

Wood Bevel Lapped

Aluminum, Steel, Vinyl (hollow backed)

(2/2" Insulating board backed)
Brick 4"

Interior Finish Materials

Gypsum Board (drywall 1/2")
(5/8")

Paneling (3/8")

3.17
2.20

3.17
3.10

3.5
3.4
3.6
2.13
4.00
4.00
5.00
6.25
6.00

0.2
1.25

1.33

1.25

2.64

0.61

0.80
111
1.28
0.80
0.44

1.88
4.38
6.88

0.31
0.47
0.63
0.77
0.94

1.32
2.06
3.00
4.00
6.00
3.75
5.00
7.50
4.5
6.00
9.00

0.34
0.77
0.93
0.80

1.80
0.44

0.45
0.56
0.47
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Flooring Materials

Plywood
(3/4")

Particle Board
(underlayment)
(5/8")

Hardwood Flooring
(3/4")

Tile, Linoleum

Carpet (fibrous pad)
(rubber pad)

1.25

131

0.91

Windows*
Single glass
w/storm
Double insulating glass
(3/16" air space)
(1/4" air space)
(1/2" air space)
(3/4" air space)
(172" Low-E)
(w/suspended film)
(w/2 suspended films)
(w/suspended film and low-E)
Triple insulating glass
(1/4" air spaces)
(1/2" air spaces)
Addition for tight fitting drapes,
shades, or closed blinds

Doors

Wood Hollow Core Flush (1-3/4")
Solid Core Flush (1-3/4")

Storm Door — wood, 50% glass
metal

Metal Insulating (1.75" with urethane —
assuming no glass panels)

Air Films
Interior Ceiling
Interior Wall
Exterior

Air Spaces

1/2" to 4" approx.

1/2" to 4" wilone surface fairly reflective
1/2" to 4" w/ one surface highly reflective

Misc.
6-mil Polyethylene Vapor Barrier
Air Barrier

0.93

0.82

0.68
0.05
2.08
1.23

0.91
2.00

1.61
1.69
2.04
2.38
3.13
2,77
3.85
4.05

2.56
3.23

0.29

1.80
2.17
1.25
1.00

5.3

0.61
0.68
0.17

1.00
2.36
3.48

0.00
0.00

* Window R-Values are now calculated according to a standard
method. Check with manufacturer for latest listings of R-values

and U-factors.
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Comparing Heating Fuel Costs

The cost of various sources of energy are
expressed indifferent ways, making comparison
difficult. The preceding chart will enable youto
compare the cost of various heating fuels onthe
basis oftheir equivalent costs, as expressed in
dollars permillion BTU ($/MMBTU) in the top row
of'the chart. To use the chart, read across the fuel
price row until you come to the current cost per unit
of a fuel you want to compare to another. Now
move up that column to the top row to find the
Heating Equivalentin $/MMBTU. Now find the
current price of the other fuel you are comparing
with the first. Move up this column to the top row to
find the second fuel's Heating Equivalentin $/
MMBTU. Now you can compare the Heating
Equivalentin$/MMBTU.

For example, you might want to know how the

costofheating with wood compares with the cost of

heating with #2 fuel oil. If mixed hardwood is to be
burned inastandard airtight stove at 50% efficiency
andisavailableat$211.60 per cord, the Heating
Equivalent is $20.48/MMBTU. Iffuel oil is
availableat$1.95 per gallonand burned inanew
heating systemat 80% efficiency, its Heating
Equivalentis $17.55/MMBTU. Therefore, atthese
prices, oilis cheaper than wood. Alternatively, you
can use the chart to determine that $211.60 per
cord wood is the equivalentto $2.27 per gallon #2
fueloil.

Ifyou are considering switching fuels, remember
the cost of the heating equipment. Ifthe difference
between the Heating Equivalent Costs is small, it
may take many years of fuel savings to pay for
installinganew heating system. Also, remember that
some fuels have incidental costs associated with
them, such as cutting and splitting for firewood or
annual maintenance for oil-fired equipment.
Environmental damage caused by the production or
use of the fuel is another cost that this chart doesn’t
address.

Finally, the best way to lower your heating costs
istomake your home more energy efficient. Not

only will thisreduce the amount of fuel youuse each
heating season, it will also lessen the impact of
annual price fluctuations by reducing the amount of
fuel youneedto buy during the heating season when
prices are at their peak.

77



Appendix D
Glossary

Air barrier: Anair-impermeable material usually installed
on the warm side of a building assembly, such asawall, to
stop the flow of air and its associated water vapor into the
building assembly. Air barriers may be made of
polyethylene plastic, drywall, rigid insulation, dense-pack
cellulose insulation, or a combination of materials.

Air Changes per Hour (ACH): Measurement of the rate
of natural air leakage in a building. The number of times
an hour that the entire house volume of air is replaced
with outside air.

Air-Leakage heat loss: The heat loss resulting from the
leakage of conditioned air into and out of a building. One
of the two major types of heat loss from a building, the
other being surface or transmission heat loss.

Airtight Drywall Approach (ADA): A method of
construction for moisture control and durability that uses
sealed drywall asthe air barrier and special interior paint
asthe vapor retarder.

Air-to-air heat exchanger or heat recovery ventilator:
Device for supplying and partially preheating fresh
outdoor air as stale indoor air is exhausted. Fan-operated.

Air/vapor barrier: A materia that isused as an air
barrier and avapor barrier. In new construction,
polyethylene plastic often is used as an air/vapor barrier
when it isinstalled just to the outside of the interior finish
material, such asdrywall. In order for this air/vapor
barrier to serve as an effective air barrier, the plastic must
be sealed at the joints and at al penetrations, such as
electrical boxes and plumbing pipes.

Backdrafting: Potentially dangerous situation in which
combustion gases (from furnace, boiler, gas water heater,
fireplace, etc.) exhaust into the house instead of up the
chimney. Caused by negative pressure in the house—
often aresult of exhaust-only fans operating in atight
house or leaky return ductwork.

Backer rod: Foam “rope” that is used for sealing around
wall penetrations and between framing members, and as a
backing for caulk in deep cracks.

Blower door testing: Method of measuring air leakage
by depressurizing a house with a large fan set into an
exterior door opening. Also an excellent device for
finding air leaks in the envelope of a building.

Cantilevered truss. Roof truss that overhangs the walls
so that a greater thickness of insulation can be installed at
the eaves.

Compact fluorescent lamp: High-efficiency fluorescent
lamp that is about the same size as an incandescent light
bulb. Some include integral ballasts and can be screwed

into standard light bulb sockets.
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Condensation: Change of state from gasto liquid. Water
vapor often condensesinto liquid water as an air mass is
cooled.

Condensing furnaceor boiler: High-efficiency heating
system that extracts heat out of water vapor that would
otherwise escape up the chimney. Efficiencies are usually
above 90 percent.

Dew point: The temperature at which avolume of air
reaches 100% relative humidity and water vapor begins
condensing.

Diffuse: The process by which water vapor and other
gases move through a solid as a result of vapor pressure
differences. Therate of diffusion is determined by the
material’ s permeability (or perm rating) and the vapor
pressure differentials.

Direct-vent combustion appliance (sealed combus-
tion): A combustion appliance that 1) is vented directly to
the outdoors and 2) receives all its combustion supply air
directly from the outdoors through a dedicated pipe.
Eliminates the possibility of backdrafting.

Drainage mat: A porous mat installed against the
outside of afoundation wall to drain runoff away from the
wall surface and down to footing drains.

Duct mastic: A special long-lasting, heat resistent
material used for sealing ductwork joints. Should be used
instead of duct tape.

Energy Guide labels: Labels on most new appliances
providing information on yearly energy costs. Useful for
comparing appliances.

Expanding foam sealant: A polyurethane foam that is
applied from a can or canister. Used for sealing around
windows, doors and wall penetrations.

Foam gaskets. Foam strips or rolls used to seal between
framing members (under wall plates, for example),
behind drywall, etc.

Heat loss coefficient: A measurement of abuilding's
heat loss expressed in Btu/°F hr.

Heating degree-day: A unit that representsa 1°F
deviation from afixed reference point (usually 65°) in the
average daily outdoor temperature. If the average outside
temperature is 45°, 20 degree-days would be tallied for
that day (65° - 45°). Monthly and annual degree-day
totals are obtained by adding up degree-days.

Heating outdoor design temperature: The outdoor
temperature used when calculating the size of heating
systems.



Heat recovery ventilator or air-to-air heat exchanger:
Device for supplying and partially preheating fresh
outdoor air as stale indoor air is exhausted. Fan-operated.

Housewrap: A material, usually made of spun-bonded
plastic, used for covering the outside of buildings before
the finished siding isinstalled. Acts astemporary protec-
tion from the weather until the finished siding isinstalled.
Allows water vapor to pass through it only if it is above
the dew point temperature.

[-Joist: A manufactured laminated wood joist that has
greater strength than standard lumber. Availablein
greater widths and lengths than standard lumber. Some-
times used as rafters when high insulation levels are
required.

Indirect-fired water heater: A storage-type water
heater that uses heat from a standard boiler. Much less
expensive to operate than atankless coil water heater.

Magnetic declination: The difference between true
north (or south) and magnetic north (or south). For solar
siting, true directions should be used. If using a compass,
you need to correct for the magnetic declination.

Net freevent area: Actual ventilation area provided by
a screened or louvered vent—accounting for air blockage
by screening and louvers.

Passive solar: A building design to collect, store and
distribute solar energy without fans and pumps.

Permeance: Ability of amaterial to allow water vapor to
diffuse through it.

Perm rating: Measurement of amaterial’s ability to
transmit water vapor by means of diffusion.

Rafter plate: Plateinstalled on top of ceiling joists to
raise rafter tails above the wall plate and thereby allow
thicker insulation at the eaves.

Raised-heel truss. A roof truss design that allows full-
thickness ceiling insulation at the eaves.

R-value: Measurement of a material’s ability to retard
heat transfer. Inverse of U-factor (R = 1/U).

Relative humidity: The amount of water vapor in a
sample of air divided by the maximum the sample can
hold at a given temperature, expressed as a percentage.

Reset control or modulating aquastat: A control that
regulates boiler water temperature relative to outside
temperature. When it is not as cold out, lower-tempera-
ture water can be circulated through hot water radiators.
Thereset control automatically regulates the boiler water
temperature.

Saturated foam sill sealer: Foam gasket impregnated
with non-hardening sealant to provide highest quality sill
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seder.

Sealed combustion (direct vent): A combustion
appliance that: 1) is vented directly to the outdoors, and
2) receives al its combustion supply air directly from the
outdoors through a dedicated pipe. Eliminates the
possibility of backdrafting.

Sill sealer: Foam gasket or insulation material for
sealing between sill and foundation wall.

Solar sunspace: A room in a house with south-facing
glass that has a means of storing and then distributing
solar heat energy to the house.

Sone: A unit of loudness, as perceived by a person with
normal hearing, equal to the loudness of a pure tone
having a frequency of 1,000 hertz at 40 decibels. A new
refrigerator runs at aloudness level of about one sone.

Splines: Wood or plywood stripsfor joining structural
insulated panels.

Standpipe: Pipe set into the crushed stone before a slab
ispoured. Usually capped for later use in ventilating
radon if a problem shows up.

Stepped insulation: Foundation insulation strategy
where full-thickness insulation is used over the upper part
of the wall, and thinner insulation is used below.

Structural Insulated Panel System (SIPS): Building
panels for enclosing timber frame buildings or for
building “frameless’ houses. Laminated system with
exterior sheathing, insulation and inner wall surface.

Sun angle: Angle of the sun above horizon as it moves
across the sky. Used in designing solar heating systems.

Suntempering: Simple passive solar design utilizing
moderate areas of south-facing glass. There are no special
measures taken to store and distribute solar heat.

Surfaceor transmission heat transfer: Thetransfer of
heat energy from one material to another by the motion of
adjacent atoms and molecules.

Tankless coil: Inefficient type of water heater operating
off aboiler. As hot water is used, the boiler must fire to
heat it. Particularly wasteful in the summer when space
heating is not required.

Timber frame construction: Construction technique in
which large timbers are used to provide structural
strength in a building.

Thermal mass. Masonry or other material for storing
heat in a passive solar heating system.

U-factor: Measurement of the heat transmission through
abuilding assembly in Btu/°F, hr. Inverse of R-value (U =
UR).



Vent spacer, vent chuteor " proper vent" : A spacer made
of cardboard or beadboard intended to keep insulation
away from the underside of roof sheathing so asto provide
an airway for roof ventilation.

Vented rain screen: Air space provided by strapping
between sheathing and siding to allow for pressure
equalization as amean of preventing driving rain from
penetrating the innermost components of awall. Vinyl
siding, with its open-back profile, provides it own vented
rain screen area.

Vapor barrier: A materia—usualy polyethylene or
foil— for preventing or slowing the movement of water
vapor by means of diffusion. Usually installed on inner
(warm) side of insulation. Has a permeance value of 0.1 of
less.

Vapor retarder: A material—usually kraft paper or
paint— for slowing the movement of water vapor by
means of diffusion. Usually nestled on inner (warm) side
of insulation. Has a permeance value greater than 0.1.

Water tabletrim: Trim used at the bottom of awall to
shed water out and over protruding foundation insulation.

Wet-spray cellulose: Type of insulation that is sprayed
into open wall cavities. Somewhat higher R-value than
fiberglass and better at sealing around wires, etc.

Window insulation: Soft insulating shades or rigid
insulating shutters (unusually mounted on the interior) that
can be closed to: 1) increase the insulating val ue of
window, or 2) to block unwanted solar heat gain. These
products are made especially for this purpose.

Zones. Separately controlled conditioned areasin a
building, each controlled by its own thermostat.
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Appendix E
For More Information

References
Periodicals

Energy Design Update
Aspen Publishers, Inc.

1185 Avenue of Americas
New York, NY 10036
(800) 638-8437
www.aspenpublishers.com

Monthly newsletter featuring energy-efficient materials and techniques.

Fine Homebuilding

The Taunton Press

63 South Main Street

P.O. Box 5506

Newtown, CT 06470-5506

(203) 426-8171

www.taunton.com/finehomebuilding

Monthly magazine with amix of practical and esoteric construction
articles.

Home Energy Magazine

2124 Kittredge, Suite 95

Berkeley, CA 94704

(510) 524-5405

www.homeenergy.org

Bimonthly magazine for energy conservation
professionals.

Journal of Light Construction

186 Allen Brook Lane

Williston, VT 05495

Phone: (802) 879-3335

www.jlconline.com

Monthly publication featuring discussion of practical residential
construction problems and techniques.

Books

Building Foundation Design Handbook

Underground Space Center, Univ. of Minnesota, 1989

500 Pillsbury Drive, SE

Minneapolis, MN 55455

The most complete reference available on foundation design and
construction.

Builder's Guide to Cold Climates

Joe Lstiburek, Building Science Corp.

Energy & Environmental Building Association
10740 Lyndale Avenue South, Suite 10 West
Minneapolis, MN 55420

(952) 881-1098

www.eeba.org
Good, well illustrated guide for new construction.

The Passive Solar Energy Book

E. Mazria

Rodale Press, 1979

Emmaus, PA 18099-0017

Although dated, it's still the most comprehensive book on
incorporating solar heating with building design.
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Modern Carpentry

Willis H. Wagner

Goodhardt

123 West Taft Drive

South Holland, IL 60473
Comprehensive carpentry text.

Residential Load Calculation: Manual J, 7th edition
Air Conditioning Contractors of America

2800 Shirlington Road, Suite 300,

Arlington, VA 22206

(703) 575-4477

WWW.acca.org

Residential Duct Systems

Air Conditioning Contractors of America
2800 shirlington Road, Suite 300,
Arlington, VA 22206

(703) 575-4477

WWW.acca.org

International Energy Conservation Code (IECC), 2003
International Code Council

5203 Leesburg Pike, Suite 600

Falls Church, VA 22041

(800) 786-4452

www.iccsafe.org

The IECC is the most recognized energy-efficiency building code.
It has taken the place of the Model Energy Code (MEC).

Web Sites

In addition to those already listed in this Reference section, the
following are recommended.

American Council for an Energy-Efficient Economy

WWW.aceee.org
Listings of the most energy-efficient appliances and office equipment.

Building America
www.eere.energy.gov/buildings/building_america/

Building America works with members of the home-building
industry to produce quality homes that use less energy without
costing more to build.

Energy & Environmental Building Association

www.eeba.org
Good information and a great online bookstore.

Energy Star
WWWw.energystar.gov
Energy Star appliance listings and programs.

Gas Appliance Manufacturers Association (GAMA)
Www.gamanet.org

Listing of the efficiencies of gas- and oil-fired furnaces and boiler
efficiencies and output rates, as well aslisting of electric, gas, and oil
water heater efficiencies.

US Green Building Council

www.usgbc.org

The place to begin for green building design and news. Informa
tion about LEED certification and other green building programs.



Appendix F
The Performance or Tradeoff Method of Compliance
with REScheck

The easiest method of compliancewiththe
Maine Energy Efficiency Standardsisby using
the prescriptive approach discussed in Part 1 of
thismanual. Thismethod prescribestherequired
R-valuesfor the various building parts. For
example, ahouse compliesby the prescriptive
standard if it has R-49 ceilings, R-21 wallsand
floors, and U-0.4 windows.

A moreflexible approach to complianceis
available by using the performance compliance
or trade-off approach. Thisapproach ismade
easy with the use of the free REScheck software.
Thisfree software can be downloaded safely at
http://www.energycodes.gov/rescheck. If you
use this software, make sure you enter "2003
|[ECC" asthe code, enter "Maine" asthe state,
and enter the city closest to your building site.

REScheck allows the user to alter the R-
valuesof walls, floors, roofs/ceilings, and doors;
select different window U-factors; and select a
heating system for compliance. If the sel ected R-
values, U-factors, and efficiency do not comply,
the user can simply alter any of the detailsto see
theimmediateresult.

A designer can quickly find anumber of
alternativesof compliancefor aparticular house.
For example, onealternativefor compliance
might include R-38 ceilings, R-19 walls, and a
heating system with an 84 percent efficiency.
Another aternativefor the same house might
include R-49 ceilings, R-21 walls, and aheating
system with an 80 percent efficiency. With this
trade-off approach, one component or piece of
equipment must be made more energy efficient if
another ismade less energy efficient. The soft-
ware doesall thecomplex calculations.

After the preferred designisfound,
REScheck will print areport listing the detail s of
the energy characteristicsand the percent by
which it exceeds the 2003 |ECC.

The software also includes afeaturefor
calculating surface areas of windows, doors,
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walls, ceilings, and floors. These calculated areas
withtheir corresponding insulating valuescan
then be added to alibrary for use with other
similar housedesigns.

Another option isto use REScheck-Web, a
web based version of REScheck (go to http://
energycode.pnl.gov/REScheckWeb). If you use
thisweb version, make sure you enter 2003
IECC" for the code and "Maine" for the state.
ThisWeb-based versionisamost exactly the
same as REScheck run on acomputer.

Finally, another option offered onthe Web is
REScheck Package Generator (go to http://
energycode.pnl.gov/REScheckPkgGen). By
entering the component R-values and window U-
factors, thisprogram will generate packagesthat
arein compliance with the 2003 IECC, the basis
for the Maine Model Building Energy Code.




